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I • GENERAL ILl ThOl UCT I uN. 
Anyone who has studied a section of mouse 
testis or a smear preparation of the anther of a 
plant will have been struck by the large number of 
cells which are in exactly the same stage of division. 
A rapid examination of the literature shows that 
there are many more instances of synchronous cell di-
vision. 	This pheno1aenon has two main interests. 
Firstly, if we could find out why these cells are all 
dividing together we might be better able to under-
stand the control of cell division in cells in gene- 
ml. 	hen a large number of cells are grouped to- 
gether they oust exert an influence on each other. 
This influence is usually thought of as being detri-
mental, e.g. the exhaustion of available nutrients 
and the acci:nultion of toxic waste products. 	Many 
of the reports of synchronous cell diviaioi however 
s€em to show that in so.ie cases at iast, the inter-
actions between cells are borisficial so these cells. 
Part of this present 1nvesti.ation is thevefove de-
voted to a study, both experimentally and by means of 
a critical review of the literature, of the phenomenon 
of synchronous cell ulvision in the hope that this 
will enable us to understand better the interactions 
E] 
between cells. 	This should also provide valuable 
Information on the processes involved in the control 
of cell division. 
The second point of interest is the poseibil-
ity that the study of a large nthxiber of cells all 
dividing together will yield Information on cell di-
vision which could not be obtained by other means. 
Studies on single cells can tell us a great deal 
about the morphology of cell division but even with 
the introduction of new micro-techniques it is ex-
tremely difficult to deal with cell division, fron a 
physical and chemical point of view, using single 
cells. Much information can be obtained by compari-
son of groups of dividing cells with groups of non-
dividing celle, but such information is difficult to 
interpret. 	It would be much better If experiantS 
could be carried out on lane numbers of cells all 
dividing at the same tiuie. 	For this reason a lot of 
work has been carried out on the eggs of the sea ur-
chin which can be aaade to divide synchronously by means 
of a simultaneous fertilisation. 	The egg is however 
a rather atypical cell, and while it does have the ad-
vantage that one can study cell division separated 
from growtt4 it would be preferable for many purposes 
3 
to carry out such investiyations on s uaterial which 
does not rely on a previously prepared supply of re-
serve uiateial. 	It soon became apparent that in 
many cases cells which were dividing synchronously 
were not readily accessible to experimental tech- 
niques. 	It seemed possible that the natural syn- 
chrony could be enhanced or even that the cells could 
be made to divide in synchrony by artificial Ldeans. 
An investigation was therefore also made into the 
methods of inducing synchronous cell division and 
their value in general studies of cell division was 
assessed. 	it was hoped also that if a synchronous- 
ly dividing group of cells were produced it could 
be used to help in the investigation of the phenorie-
non of natural 3yncirony. 
-0-0- 
4 
NATURAIL OCtRRLG 8XN( thjONOQ 
CLLL - DIVUIQ 
I. 	TIR-CM4L EFFECTS IN. MICRQ-ORGAITISI$S. 
4vq QP D.1VIIQN £)tRINO. 110QAtUTH4IQ _ PHASE. 
(i) 1NTROOUC1IQ. 	It is usually accepted that, 
in a culture of micro-organisms during the logarith-
mic phase of growth, cell divisions occur randouly. 
There are a few observations which Indicate that 
this is not so, at least in some oases. 
Hotchkiss (1$54) noted that, in cultures of 
pneumoc000ue, periods of increased susceptibility 
* 
to traneforiation with DIA occurred at fairly regu- 
lar intervals throughout the growth of the culture. 
He suggested that this could be due to a large num-
ber of cells being in a particularly sensitive 
stage at these periods. 	Later having artificial- 
ly synchronised these cells he showed that such a 
period or increased susceptibility did in fact oc- 
cur during thc cell cycle. 	This is at least a 
suggestion that these cells do not divide randomly 
durin the log. phase. 	Jirnilarly, Hegarty and 










- - - - I \ 	. 	-- 90 
wo 
it 	 30 
785 	
0, 
7.40 v TO 
- _i:-•'___ - _/__ - - - - - - 
sço— —'--.---- - _.___;(•_  
20 
:.LiI2IIII liii iILi\ 
4 	 1, r  0 05LO1.5 	2.0 	2.5 	 0 
I, 
TIME IN H0UR 
PER CENT DESTRUCTION EFFECTED BY COLD SHOCK AT TEN MINUTE ITEAVAL$ DURG THE NORMAL COWTd CYCLE 
Figure 1. 	Periods of increased susceptibility to killing 
by cold shock occur during the logarithraic growth 
phase of . coli. 	
(Hegarty andWeeks). 
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Escterj.schia col to killing by cold shock found 
that periods of increased susceptibility occurred 
at regular intervals (Fig. 1). 	They too suggest 
that this is due to large numbers of cells reaching 
the same sensi tive stage at the same moment. 	In a 
study of the increase in the cell numbers and of 
the oxygen consumption of Salmonella typhimurium, 
Hirsch (1933) found regular fluctuations correspond-
ing roughly to the generation time. 	Other workers 
have noted similar phenomena and attributed them to 
the continued division, in phase, of cells which 
were originally caused to divide synchronously by 
the inoculation or the culture(Browning et a].., 1952 9 
and Ogur et al. 1953). This suggestion is supported 
to a certain extent by the work of Bayne Jones and 
Adolph (132) who photographed, at regular intervals, 
cultures of Bacillus rnegatherium which were started 
from a single cell. 	They noted that the population 
increased in a stepwise fashion. 	They make the in- 
teresting observation however that the degree of syn-
chrony seemed to improve. 	Tamiya et al. (1953) re- 
port naturally occurring waves of division in Ctilorella 
but they attribute this partly to the effect of the 
_-- 	
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(Photo. T.I.Iiitchison). 
inoculation and partly to the effect of alternating 
periods of light and dark on the photosynthesis of 
the organism. 
Several eporiitents were carried out in an effort 
to corroborate those observations and if possible to  do-
termine the cause of the observed synchrony of division. 
	
O RGAN ISM 	The fission yeast, 
__ _______ 	is a cylindrical organism 
with herniripheriol ends (Fig, 2). 	It averages 13/ 
In 1'n.th anc 3,5 	in diaiueter. 	Unlike the other 
yeasts It divides hj forning a central transverse parti-
tion, the cell plate, shich, at division,separates into 
two. halves fozriing the end walls of the two daughter 
cells. 	The presence of a ccli plate is therefore a 
good indicator of ell livieion. The main disadvantage 
of this organian Is that Its nucleus and taode of nuclear 
division are not well known, A oenta1, spherical, 
less dense body cern he seen In the cell with th' aid of 
a phase contrast microscope. 	Thie is usually taken to 
be the nucleus; Dr. J.M.MttchieOn In this laboratory 
has obtained photographs of this body separating Into 
two portions just prior to formation of the cell plate 
but it is quite impossible to state how this separation 
is effected. 
CuND.TI46 -JF 	. 	All the cultures 
* National Collection of (cast Cultures, 132. 
Bee Appendix . I, p. 146. 
7 
were handled as described below unless it is speci-
fically stated otherwise. 	The cells are the NCYC 
132 strain but have undergone considerable change 
during the course of the experiments (see paragraph 
on generation time, p.  9. 	Cultures were grown 
in an 0Xoidtl wort broth preparation. 	The cultures 
were usually 10 ml. in volume, and were grown in 
G-inch test tubes with metal caps. 	In experiments 
where population counts were being made the cul-
tures were either 100 or 250 ml. and were grown in 
500 ml. conical flasks with cotton wool stoppers. 
The inoculutn was standardised at 1 in 500 from a 
3-5 day old culture (i.e. froii the early stationary 
phase of growth). 	No special attempt was made to 
aerate or agitate the cultures but both processes 
inevitably occurred during sampling. 	The initial 
pH of the medium is approximately 5.4 unite. 	The 
optimum temperature was found to be 32 0C. 	Cul- 
tures were grown either at this temperature or at 
27,50C. in a water bath thermostatically controlled 
to ±0.40 C. 	Nor aal precautions were taken to keep 
the cultures sterile. 
















IU WRAGE 1AX. AIN. RANGE 
1 12 31.0 4 	04 5 	00 2 	46 2 	24 15 idns. D. G. H. H.A. 
2 9 32.0 3 	13 2 	30 2 	50 0 	40 15 tn1n. D. G. H. N. A. 
3 21 32.0 3 	49 5 	15 2 	30 2 	45 15 mins. u.G.H. N.A. 
4 12 27.5 3 	36 4 	30 2 	30 2 	00 3 oins. J.LM. N.A. 
5 11 32.0 2 	29 2 	40 2 	20 0 	20* 10 nins. J.M.M. N.A. 
6 13 32.0 2 	25 3 	00 2 	10 0 	50 10 mins. J. id. M. IT. 7-%. 
7 10 27.5 2 	54 3 	09 2 	33 0 	36 9 mine. :li.J.W.F. 0.B. 
8 10 27.5 2 	19 2 	35 2 	00 0 	35 10 mine. J.J.V.F. 
Progeny of a Single Cell. 
N.A. = Nutrient Agar. 
W.B. = Wort Broth. 
on the establishment and induction of syflChrOrlOUs 
cell division, it is important to know how con-
stant the generation time is from organism to or-
ganism under the conditions of the experiment. 
Kelly and Rahn (1932) have shown that there is 
considerable variability between the generation 
times of individual bacterial cells and that in 
general these differences are not inherited. 
Burns (1956) came to the same conclusion for Sac-
c haroinyce s. 
Estimates of the variability of the genera-
tion time for Schlz. poiabe were made as follows. 
Cells were grown on the surface of a siall dome of 
nutrient agar under a cover slip, and incubated on 
a thermostatically controlled heated stage. 	The 
scatter of generation times in several batches of 
cells was recorded by making a caaiera lucid.a out-
line of the cells and noting the moment when each 
divided. 	All the cells observed were in the log. 
phase of growth. 	The results are shown in Table 1. 
I am indebted to Dr. J.M.Mltchison and Mr. 
i.J.V'.Faed, both of whom used a photographic tech-
nique, for the further records of generation time 
shown in this table. 	The differences between 
the means are of no importance because of the vari-
ety of techniques used. 	It can be seen that the 
generation time varies considerably from cell to 
cell under the same conditions. 	This point is Of 
importance when one conies to consider the persis-
tence of a wave of divisions (whether it is natural 
or induced) from one generation to the next. 
The mean generation time can be calculated 
from a population curve such as the one shown in 
Figure 3. 	Many factors will of course Influence 
this generation time but under constant conditions 
the mean generation time is always approximately 
the same. 	It was noted however that over a period 
of three years the average generation time decreas- 
ed considerably. 	This Is presumably due to the 
selection of faster growing individuals during suc- 
cessive cultures In liquid media. 	Early experi- 
ments showed the nean generation time at 27.5 0 
to be 3 hours 30 minutes and at 32.00  C. to be 
approximately 3 hours. 	xperiments carried out 
two and a half years later showed the generation 
time at the same two temperatures to be 2 hours 
15 minutes and 1 hour 45 minutes respectively. 
Care has been taken to ensure that this change 
10 
does not interfere with the results. 
(v) COUNTI NG. 	(a) Cell Plate Count. 	The 
presence of a cell plate was taken as the criterion 
of cell division. 	This cell plate is present for 
approximately 10 	of the generation time. 	In 
the earlier experiments observations were made 
every fifteen minutes and in later experiments at 
ten-minute intervals. 	Each cell plate is thus ob- 
served once but only once. 	Observations were made 
on live cells using a Baker phase contrast, 1/12-inch 
oil Immersion objective. 	Between 30u and 500 cells 
were counted and the number of dividing cells noted. 
The division index is then expressed as the per-
centage of the total number of cells which are show- 
ing cell plates. 	This is comparable to the more 
usual mitotic index but this term is avoided for 
obvious reasons. 	Care must be exercised in inter- 
preting the meaning of the division index. 	It 
must be borne in uiifld that the index is a percent-
age of the cells present at the time of observation 
and not a percentage of the initial population. 
Consider an experinent where the division rate has 
been reduced artificially to almost zero, and some 
11 
ti.ne after the release of inhibition a wave of di-
visions is produced siowing, for example, a divi-
sion index of 50 . 	The percentage of the popu- 
lation which was present at the time of release 
and which is now dividing In synchrony Is more than 
50"'0 by a factor which depends on how sharply the 
division Index rose to that point. 	Some of the 
waves of division are therefore better than they 
seem at first. 
(b) Popu lation Counts. 	Since these took con- 
siderably longer to make, population counts were 
usually carried, out on fixed cells. 	A sample of 
2 ml. was removed from the experimental culture by 
means of a sterile pipette and placed in a labelled 
McCartney bottle containing 2 nil. 4%b formalin in 
distilled water. 	Two samples were later taken from 
this bottle and placed in the two chambers of a 
haemocytometer. 	Precautions were taken before all 
sampling procedures to ensure adequate mixing. 
Counts of approximately 400 cells were made at 10-
or 15-minute intervals. 
(vi) RJSULT. 	Several experiments showed that 
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TIME IN HOURS 
Figure 4. 	The coil plate count of a normal culture 
of 8chiz.poe which does not show rhythmic 
fluctuations 
12 
only in some cultures; in others the index varied 
in a haphazard fashion or remained very constant. 
Figure 3 shows observations of the division index 
and cell numbers made simultaneously on the same 
culture. 	The mean generation time is 2 hours 40 
minutes and the population increases by just over 
2 times during observation. 	There are 8 main 
maxima Dn the cell plate count. 	It is interest- 
ing to note that these maxima occur rather closer 
toether In the middle of the period of observation. 
The fluctuations of the division index can be cor-
related roughly with the stepwise increases in the 
population. 	Figure 4 on the other hand shows a 
period of seven and a half hours when the division 
index of a culture fluctuated only very slightly. 
There are no apparent differences between the cul-
tures giving these two different results. 
Consider for a moment these cultures which 
do show regular fluctuations. 	Several workers 
have suggested that these are due to the persis-
tence of the effects of an initial burst of di- 
visions which follows inoculation, 	Observations 
were therefore made on the cell divisions occurring 
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The increase in the cell plate count 
fron inoculation to the early log. phase 
showing that there is no initial burst of 
cell division in a culture of 3chiz. noube. 
13 
from inoculation to the beginnin.g o -.-L-- the log. phase. 
The result shown in Figure 5 was obtained regularly. 
This shows that there is no initial burst of divi-
sions. Keeping in mind the variability of the 
generation times of individual cells, any burst of 
divisions which is to initiate waves of divisions 
for several further generations would have to be 
very marked indeed. 	(note in Figure 46 on p. 114, 
the rapid disappearance of an induced wave of di-
visions.) 
Since the cultures are not agitated it could 
be argued that once the observations start then the 
culture is better aerated than it was previously 
and that this could provide the stimulus for a wave 
or divisions. 	Again it is difficult to see how 
this alone could explain the persistence of waves 
of divisions over several generations. The ten-
dency for the maxima to become greater towards the 
end of the log. phase s as shown in Fi.ure 3, Is 
repeated in several other experiments. 
It is suggested that there is some definite 
intercellular influence tending to cause the divi-
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The population increase during 
the lag phase of 3 cultures of 3chLz. 
ornbe baying initial inocula of J.in 
70 CX), 1 in 500 (B), and 1 in 50 C 
(C). 	Note that after 5 hours 
has nearly 8x the original number of 
cells present; B has approx. 3x 
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izurej. 	i1C populatoii ilicroaco during the 
lag phase of two cultures of chiz. poube 
each having the same initial inoculum. 
14 
. 	T1L I!QPi. 1QN FiLC. 
Further evidence that cells do in some way 
influence the division of other cells conea from 
the observation of tuany workers that cells in a 
amall inoculum will not grow at all or will show 
a much longer lag phase than those from large in.- 
ocula. 	Figure 6 shows the result of one of seve- 
ral 8uch experinente carried out 'aith Uchjz. pQik. 
Under identical conditions larger and smaller In-
ocula from the same parent culture showed respect- 
ively faster and slower rates of increase. 	Figure 
7 shows the growth curves for two inocula of exact-
ly the same size under identical conditions. 
This phenomenon is generally accepted for 
bacteria (Wilson and Miles, 1955). 	It has also 
been vu,, g,,--sted for some protozoa (Reich 1938) but 
other workers denr this (e.:. helps 1935). 	Hen- 
riot (1923) * found that with a large Inoculum bac-
terial cells divided sooner and at a smnaller size; 
alno, if cells were transferred to a fresh nediin 
before they could divide, the tnaxiinuln size then 
reached was greater than for those cells left in 
the old mediuta. 	This fits in well with the ob- 
servattofla of Malmgrefl and Heden (1947) on the 
* 	Also 1921. 
15 
desoxyribonucleic acid (DNA) content of lag phase 
bacterial cells. 	They found that the DNA. content 
of the cells increased to a certain level at which 
the cells divided. 	If however the cells were 
transferred to a new medium before dividing the DNA 
content of the cells continued to rise to a higher 
than normal level. 	Conversely if fresh cells 
were placed in the medium from which the cells had 
been taken they then divided before the DNA content 
reached the normal level. 	These workers suggest 
that DNA or its precursors pass from the cells 
and only when the concentration in the medium has 
reached a certain level will the cells divide. 
This bears a remarkable resemblance to the hypothesis 
put forward by Robertson (1921) and discussed on p.75. 
One must not overlook the possibility that 
the conditioning effect might have a e.npler cause. 
It has been suggested that the growth of bacterial 
cells of many different species can not proceed 
normally till the level of carbon dioxide in the 
medium reaches a certain level (Walker 1932; 
Gladstone et al., 1935). It is obvious that this 
would favour heavy inocula. 
16 
Droop (1956) has found, that in pure cultures, 
single cells or small numbers of cells of certain 
pelagic diatoms and d.inoflagellates fail to divide 
in media, which normally support the growth of 
these species when large numbers are present. 	He 
suggests that this may, at least in part, be due to 
a pH effect. 	Similarly difficulty has been encounter- 
ed in trying to isolate pure strains of tissue cul- 
ture cells (Fischer 1923, Barnard 1925). 	Likely, 
Sandford and Earle (1952) have succeeded in doing 
this by growing the cells in capillary tubes where 
presumably materials passing out of the cells were 
prevented from diffusing rapidly away. 	If tissue 
culture cells which fail to grow when isolated 
are placed in a medium containing a large number 
of cells,prevented from dividing by previous ir- 
radiation, they will then divide normally (uck and 
Marcus, 1955). 	In a later paper Puck et al.(l 956) 
show that, if treated carefully, single cells can 
be made to grow in the isolated condition; they at-
tribute their previous failure to damage to the 
phosphate permeability of the cell during trypatnisa-
tion. 	This does not alter the fact that the pres- 
ence of the "feeder cells enabled the division of 
Left, Figure .. 	The popula- 
tion increases in 3 cultures 
of Schiz. iombe: 	Y). 	synchron- 
isod by means of a 2-hour shock 
at 16.250C. 	Z). 	synchronised 
SO by means of a 2-hour shock at : 	o 	Z 16.25 0C. ending 	-hour after 
.4.5 / that of Y. 	Z). the culture resulting from the mixing of 
.7 
/ 	..' 
a 100 mle iortion from Y with 
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cells which would not otherwise have grown. 
C. EXPEIMEITS WITH - ARTIFICIALLY SYNQ10NISED 
CULTURES. 
Several experiments were carried out on cul-
tures synchronised by the technique described on p. 114 
to determine whether or not the division process 
could be made to occur sooner if other dividing cells 
were present. 	Two 250 ml. 12-hour cultures were syn- 
chronised half an hour out of phase by means of a 
2-hour shock at 16.25 C. 	0.250  C. 	At the end 
of the shock each culture was divided into two por-
tions, one of 100 ml. and the other of 150 ml. 
The two 100 ml. portions were mixed as soon as the 
temperature of the letrr cilture 	s returned to 
normal. 	The to 150 	ortions vicre icet sepa- 
rate. 	The three cultures, incubated at 32 C o ., 
were eaiipled at 15-minute intervals for three hours. 
A typical result is shown in Figures BA and 8B. 
There was no indication in any of the experiments 
that the second wave of divisions in the mixed cu].-
.ture occurred earlier than it did in the separate 
cultures, 	In the experiment figured it is, in fact, 
slightly later but this was not a constant feature. 
Had the iret wave of divisions released 
something which favoured the early division of the 
later cells, the second wave of divisions in the 
mixed culture should have occurred consistently 
earlier than in the separate cultures. 	The pre- 
sent result therefore does not support this sug- 
gestion. 	It should be borne in mind however 
that the nucleus of these cells may not be nor-
mal (see discussion on p. 124). 
D, 	U1MARX. 
Single cells often fail to grow on inocula- 
tion into a fresh medium. 	Small inocula chow a 
longer lag phase than do larger ones. 	Once the 
culture is established there is a tendency for the 
divisions to become synchronised.. 	This is not 
due to an initial burst of divisions following in- 
oculation. 	It is probable that all these effects 
are due to the conditioning of the medium by the 
organisms. 	It would be interesting to make fur- 
ther observations on the role played by DNA in 
these phenomena. 
19 
2, EXPERIMENTS ON THE • SYNC HRONY OF CELL 
DIVISION- -WITHIN ONE 
(1) INTRODUCTION. 	The divisions of the b].asto- 
zneres within one developing egg of Psarnniechinie 
miliaris are also more or less synchronous up to 
the fifth cleavage. 	This synchrony is not neces- 
sarily due to the fact that the cells are the pro- 
geny of a single cell. 	In the eggs of many species 
asynchrony develops early, e. g. in the eggs of 
Nero to the second cleavage is asynchronous and in 
Olaveiiia the third Is asynchronous. 	A whole 
series can be arranged with the synchronous divi- 
sions persisting till later and later stages. 	The 
holothurian Synapta is almost perfectly synchronous 
up to the 512 cell stage. 	Wilson (1925) and Cos- 
tello (1955) point out that though this development 
of asynchrony may be associated with an excess of 
yolk in one particular region of the egg this is 
not necessarily so and is definitely not so in the 
examples quoted above. 	It Is possible that the 
synchrony might be due to a mutual effect of the 
cells upon each other, though why this should be 
true in some cases and not in others would be 
20 
difficult to explain. 	Several experiments were 
therefore carried out to teat the effect of separa-
ting these cells from each other on the synchrony 
of division. 
(ii) 	MLTHOD. 	The eggs of P. miliaris were 
usea in these experiments. 	The eggs were handled 
in the usual way (see P. 35 ), except that artifi-
cial sea water was used; the eggs developed at 
least to motile gastrulae in this medium. 	After 
washing the fertilised eggs, the fertilisation 
membranes were stripped off by passing the eggs 
through bolting silk of the appropriate mesh. 	A 
single egg was then selected and placed in sea 
water in a covered cavity slide. 	The times of 
the divisions of the separate blaetomeres were 
noted at each division. 	In some cases however 
the egg was placed in calcium-free artificial sea 
water immediately prior to the first division. 
After cleavage the two blastomeres were separated 
by sucking the egg gently up and down a capillary 
breaking pipette. The two halves were then washed 
thoroughly in normal artificial sea water and placed 
in separate cavity slides on the stage of the same 
TABLE 2 
C L E A V A G E 
Minutes & Seconds. 
2 3 4 5 
Average 




Iange. 3. 30 3. 30 2.15 8.50 	- 
Average 
-lai 2.42 7.43 15.27 1(.48 	- 
3 Xi [111JU1 















Histograns showing the scatter of 
cleavage times in, left, a whole egg of 
P. iniliaris for 5 cleavages, and right, 
the two halves of a separated egg for 6 
cleavages. The zero is arbitrary in all 
cases. Note the divergence of the 
microraeres at the fifth cleavage and 
the almost complete loss of synchrony 
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microscope and observed as before. 	The control 
eggs were also subjected to calcium-free sea water 
without separation of the blastomeres. 
(iii) RESULTS. 	The cleavage times of five whole 
eggs were observed up to the third and five up to 
the fifth cleavage. 	Five eggs, separated into two 
parts, were observed up to the fifth cleavage and 
one of these to the sixth cleavage. 	Table 2 shows 
the maximum and minimum scatter for whole and sepa- 
rated eggs for each cleavage. 	Figure 9 shows histo- 
grams of the cleavage times of a normal egg up to 
the fifth cleavage and those of a separated egg up 
to the sixth cleavage. 	We can see that not only 
is the total scatter greater in the separated eggs, 
but also that the scatter is birioda1. 	This was 
true of all the cge observed. 	The two halves of 
a separated embryo were synchronous within them- 
selves but they differed widely from each other, The 
situation is slightly complicated by the separation 
of the micromeres at the fourth cleavage. 	These 
take longer to divide than do the normal sized cells. 
Note also the complete loss of synchrony in the 
sixth cleavage. 
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(iv) DISCUSIOT. 	The observed differences in 
the degree of synchrony could be due to (a) damage 
to one of the halves or (b) interference with the 
action of a synchroniaing neohaTtic found in the 
whole embryo. 	In none of the experiments did 
any peculiarity of cleavage occur (one or two such 
experiments did occur but they were discarded). 
All the eggs continued to divide for several cleav-
ages after the last observation; some developed 
as far as gastrulae. 	It is therefore possible, 
but unlikely, that the observed effect is due to 
danage. 	The experiments are too few to draw any 
firm conclusions but the indications are that in 
the whole embryo there is some mutual influence 
between the cells which tends to :nake them divide 
together. 	When the two halves are separated each 
half now has its own rate and will divide synchronous-
ly-while there may be a considerable difference be- 
tween the two halves. 	These observations corrobo- 
rate an observation by Gray (1931). 
In seeking an explanation for this phenomenon 
let us consider the experiments of e±ez (1956) on 
Sten. 	Vieisz showed that if one grafts an 
23 
individual Stentor which has just divided on to an 
individual which is just about to divide the two 
Cells will divide a]uost together even though the 
former would not have divided normally until a 
considerable period had elapsed. 	It is concluded 
that soae substance or structural organisation 
spreads from the normally dividing to the induced 
cell. 	.e thus see that a synchronising mechanism 
can exist when there is protoplasmic continuity. 
Gray (1925) notes that there are fine proto-
plasmic connections between the blastornerea of the 
sea urchin egg. 	This was also reported by Andrews 
(1899). 	I have not observed these connections, 
but it would be difficult to deny their existence. 
If they do exist one could propose a hypothesis 
similar to that of Yeisz to explain the observed 
synchrony and the loss of it on the separation of 
the two halves (see the discusiOfl on synchrony in 
synoitla on page 27). 	Gray (1925) and Powlowzow 
(1924) both found that if the cleavage of the sea 
urchin was suppressed without affecting the nuclear 
division, then the synchrony of the nuclei was very 
marked indeed. 	This seems to confiiiii that proto- 
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plasmic continuity can have a synchronising effect 
in urchin eggs. If there is no continuity between 
the cells we must suppose that something passes be-
tween the cells through the cell membranes. 
Hof-Ørgensen (1954) has shown that sea 
urchin eggs contain an excess of DNA; 	in fact a 
single egg may contain as much as twenty-three times 
that of the sperm, 	Agrell (1956) and Agrell and 
Parsoon..(1956) have shown that there is a strong cor-
relation between the exhaustion of the intrinsic 
DNA supply and the lose of synchrony in several 
different species of sea urchin. 	The divisions 
at a particular cleavage become asynchronous as soon 
as the cells become dependent for their DNA supply 
on their own synthetic capacity. Agrell does not 
suggest a definite synchronising action; he sug- 
gests that in cells having an excess of DNA the 
division process can proceed at its maximum speed, 
which is more or lees the earns in all cases. 	It 
seems likely however that soiething more than this 
is involved since the synchrony is lost if the 
cells are separated. 	Again it would be interest- 
ing to know more of the part played by DNA. A 
more full discussion of this point is to be found 
25 
on page 87 when it can be considered in the 
light of evidence from other sources. 
3. OTHER I iNCES OF. NATURALLY OCCURRING 
!CHR.)NQU3 QILL DIVISION. 
(1.) 	TRODUCTION. 	In the following section the 
rest of the literature dealing with natural syn-
chrony is briefly reviewed and the whole subject 
discussed in general terms. 
e have already discussed synchronous di-
visions in the developing egg and in cultures of 
mioro-orgarileifle, but such synchrony is not uncom-
mon in other tissues where cell division is occur-
ring actively. 	VO must be careful to distinguish 
between those cases where the synchrony is apparent-
ly due to a mutual effect of the cells on each 
other and those where it can fairly certainly be 
attributed to a known environmental cause. Also 
in this discussion care must be taken to distin-
guish between nuclear and cell division; both of 
these shall be considered. 	Cell division can oc- 
cur without a preceding nuclear division but under 
normal conditions it does not do so. 	It is not 
at all unusual for nuclear division to occur without 
cell division. 	Such oases where there are more 
than one nucleus in one mass of cytoplasm provide 
some of the most striking examples of synchronous 
division. 
(ii) TISSUE CULTU1j. 	Consider first cases of 
simultaneous division in tissue culture cells since 
these cases illustrate well all the points mention-
ed above. 	It is certain that after explanting a 
piece of tissue in vitro a short period elapses 
during which few or no cell divisions occur. 	Af- 
ter a period which depends both on the conditions 
of culture and on the type of cells used a wave of 
divisions occurs and in some cases is followed ap-
proximately one generation time later by a second 
wave of divisions. 	(Bauer 1941; Fischer 1946; 
Jacoby 1949; Abercrombie and Harkness 1951; and 
Wilimer 1954.) 	This is obviously correlated 
with the stimulus of setting up the culture. While 
this is interesting in itself even more highly syn-
chronised divisions do occur. 	Frequently small 
groups of cells, particularly at the periphery of 
the culture divide in perfect synchrony. (Wright 
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Fischer 1946.) However Jacoby did not observe 
this phenomenon although many observations were 
made. 	Fischer (1925) and others strongly advo- 
cate the existence of minute protoplasmic con-
nections between the cells, and if these do exist 
then the synchrony can be explained as a phenomenon 
similar to that observed by Weisz in his experi-
ments on the grafting of SteI2r (see p. 22). 
However Wilirner (1954, p. 22) is more conserva-
tive, pointing out that while the bridges do un-
doubtedly exist it is difficult to establish that 
there is continuity between the two masses of proto-
plasm. 	If the bridges do not exist and since the 
synchrony is much more perfect than can be explain-
ed on the basis of constancy of generation time, 
it can only mean that one cell is able to influence 
another cell through the cell membrane. 
(iii) 	TyI. 	There are many instances of syn- 
chronous nuclear division in syncytial tissues. 
The nuclei, which may number several hundreds, of 
the giant amoeba Chaos chaos (syn. Peloniyxa caro- 
divide synchronously (Short 1946; Kudo 
1947, see Fig. 10; Berkeley 1948). 	The micro- 
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Figure 11. 	A tangential section of the egg 
of DrosoDhila while the twelfth 
cleavage is in progress. 	liost of 
the nuclei are in telophase or late 
anaphase, but the gradient of mitotic 
figures is noted as a result of 
diffusion of fixative through the egg. 
x 600. 	 (Soimenblick). 
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nuclei of the ciliate Spirost9r4 (approximately 20 - 
100) all divide together (Seshechar 1956). 	Probably 
the largest piece of protoplasm undivided by cell 
walls is a slime mould (iyxomyce tale s). 	Howard 
(1952) has shown that in a culture eight inches in 
diameter the time of the divisions on two sides of 
the "organism" may differ by only ten minutes in a 
generation time which, though irregular, is certain- 
ly never less than 12 hours. 	.e have already men- 
tioned that, if the cell division of the sea urchin 
egg Is suppressed without effecting nuclear division, 
the divisions of these nuclei are more synchronous 
than they would otherwise have been. 	Perhaps the 
best known case of synchronous nuclear division 00- 
curs in the insect egg. 	In Droso 2h1 la for example 
the nuclei divile with almost perfect synchrony for 
as many as 12 	divisions (Sonnenblick 1949; see 
Fig. 	11). After this, cell walls are foxned and 
the synchrony is lost. 	A similar process occurs 
in most insect eggs although the number of divisions 
for which the synchrony persists may vary from 
species to species (Bodenstein 1953). 	Gurwitach 
(1926) notes synchronously occurring cell division 
MOC 
in many tissues including the syneytial pen-
blast of the embryo of Belone.* The nuclei of 
multinueleate tumor cells also divide synchronous-
ly (Koller 1947). 	In the face of all this evi- 
dence and that of eiz's experiments with Stentor 
it must be concluded quite firmly that there ex-
ists within one mass of cytoplasm a mechanism 
thich ensures that all the divisions taking place 
within that mass occur at the same mnoent. 	I 
know of no syncytium where the divisions are not 
synchronous. 	The problem of whether or not the 
mechanism can still act if there are intervening 
cell boundaries still remains. 
(iv) SP1MAT0GENiSI. 	A form of synchronous 
* 	Gurwitach attributes the local stimulation 
of mitosis to the action of "rnitogenetio rays". 
These rays, which are alleged to emanate from 
many animal and plant tissues, are said to be 
similar to ultra-violet rays and to have the 
power of stimu1atin mitosis. 	The theory was 
heavily criticised (see review by Bateman, 
1935) and it Is no longer considered serious-
ly. 	It seemed possible that some of the re- 
sults attributed to mitogenetic rays might 
have a cheuiesl explanation and Indeed this 
is suggested by Choucroun (1930). 	The con- 
ditions of the experiments, however, make 
this explanation impossible in most cases. 
A complete reconsideration of the work on 
initogenetic raiation could prove interesting 
and useful. 
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division occurs during spermatogenesis in various 
groups of animals. 	In the Acridadee and Locusti- 
dae the cells in each cyst of the testes are the 
descendants of a single spermatogonivai and with 
rare exceptions are all in the same stage of the 
division cycle when examined (Davis 1908). 	The 
phenomenon seems to occur in many groups of in- 
sects. 	In the urodele amphibians the testes are 
divided Into lobules. 	Within each lobule the 
cells divide synchronously. 	In addition to this 
there is a general head to tall spermatogenie 
wave (Humphrey 1922). 	Frequent reference is 
made to the same sort of wave in the testes of 
mammals, and any-one who has studied the prepara-
tions of mouse testes made for elementary classes 
will have been struck by the number of cells in 
the same stage of division. 	This phenomenon has 
been studied most carefully by Roosen-Runge and 
Giesel (1950). 	Again the descendants of a 
single spermatogonium may divide synchronously 
for up to five divisions. 	This also fits into 
a general wave of divisions both mitotic and 
meiotic which passes along the seminiferous 
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tubule. 	It would be 1.nteresting to know whether 
or not there is any suggestion of protoplasmic 
connections between these cells, 
 OTHER ANThIAL 	TIS SUES. Bursts of mitosis 
occur on the healing of wounds in n8rimals (Spain 
and Loeb 1916; Price and Laird 1960; and Aber-
crombie and Haxknese 1951). 	This also occurs 
in insects (igg1esworth 1937). 
The megakaryocytes in human bone marrow 
divide synchronously (Koller 1947). 
Hale (1956) describes three waves, of mitoses 
occurring during the formation of the acleral 
bones of the chick. 
One must conclude that synchronous divi-
sions may occur in any animal tissue where cell 
division is actively taking place. 
PLANTS. 	There are several recorded ins- 
tances of synchronous cell division in plants, e.ge 
in root tips (Koller 1947). 	The asoopores and 
conicila of various fungi divide synchronously 
(McKenzie 1957). 	Intercellular connections are 
accepted as commonplace in plants. 	It would be 








Figure 12. A. packet of pollen grains of 
Gymnaclenia conoijsea with strict 
synchronisation of the pollen grain 
mitoses. 	x 700 
(Barber). 
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between the occurrence of the connections and the 
Incidence or synchronous division. 
The most striking of all the instances of 
synchronous division recorded are those occurring 
In the anthers of plants. 	It Is quite common to 
make a smear of an anther and find that all the 
cells are in the same stage of division, 	Erick- 
son (1948) has shown that the meiotic divisions 
in the anther of Lilium are synchronous. 	In his 
excellent study on the Orchidaceae, Barber (1942) 
has shown that the degree of synchrony In the 
mitotic divisions of the pollen grains varies in 
the different families. 	In the species where 
the pollen grains are Isolated from each other 
by thick cell walls there is no synchronisation. 
In other groups tetrads of pollen grains divide 
in synchrony and in the family Ophryd.eae, not 
only do the cells within the tetrads divide to-
gether, but all the tetrads within one sac are 
synchronised so that there may be several hun- 
dred cells dividing in perfect unison (Fig. 12). 
Barber quotes several other cases of inter- and 
intra-tetrad synchrony. 	.Darlington and La Cour 
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(1945) s' that the divisions of even the more 
isolated pollen grains tend to become ernchronous, 
and discuss how diffusion of materials such as 
DNA from cell to cell could produce such syn-
chrony, 	It seems fairly certain from the work 
of Barber (1941) on the pollen grains of Uvularia 
and of Sax (1942) that materials can pass and do 
pass from cell to cell. 	Both of these workers 
show that deficient pollen grains which would 
not normally divide will divide when in contact 
with a noimal cell and moreover will divide in 
perfect synchrony with that cell. 
Another line of approach is taken by Painter 
(1943) who shows that material from the tapetal 
cells is absorbed by the pollen grain cells. 	It 
is suggested that these cells are then ovcrload.ed 
with DNA or DNA precursors and that this :ay lead 
to synchrony (of. see urchin eggs). 	This is very 
similar to the absorption of the tiaterial from the 
giant nurse cells into the egg of Droophilg, as 
is pointed out by Koller (1947) who discusses 
these phenomena in relation to the DNA cycle or 
the cell. 
* 	See Appendix II, p. 147. 
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4. 	EXPhRIME NTS ON 	THE RATE OF 	DEVELOP- 
£1ENT 	AND 	THE SYNCHRONY OF CLEAVAGE - QP 
THE 	EGGS OF 	THE SA URCHINS 
A. INTIWDUCTIQN. 
In this section one specific case or inter-
action between cells is carefully investigated. 
It was hoped that this investigation combined with 
the foregoing consideration of other cases of syn-
chronous division would help to explain how these 
mutual effects are brought about. 
Dr. J.M.itohieon and Professor M.iLSwann 
suggested to me that casual observation on sea ur-
chin eggs seemed to indicate that the early cleav-
ages occurred more synchronously when large numbers 
of eggs were present than when only a few eggs were 
present. 	If this is so it must indicate that the 
dividing cells are in some way influencing the di- 
vision of adjacent cells. 	The following series 
of experiments was thcrefore designed to show wheth-
er or not the eggs of the sea urchin, after a simul-
taneous fertilisation, tend to divide more synchron-
ously when there is a large number of eggs present. 
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Alias and Evans (1937 a and b) claim to have shown 
that the eggs of the sea urchin Arb.cja purictu].ata 
develop at a significantly faster rate when there 
are large numbers present. 	htl cxaination of the 
rate of development was therefore included. 	If 
either the synchrony or cleavage or the rate of de-
velopment are related in any way to the nunber of 
cells present it must indicate an interaction of 
sorts between these cells. 
B. TPICHNI&S. 
During these experiments several different 
methods were used for determining the time of cleav-
age of the eggs under observation. The experiments 
carried out by each of these different methods will 
be considered separately. 	There are however some 
general techniques which apply to all of these 
experiments. 
(t) IJANDLING Qi? 	 loot of these ex- 
periments were carried out on the eggs of Fohinu8 
equ1entll; a smaller nwaber were carried out on 
the eggs of PSM-MeRhinus railiarte. Fresh filtered 
sea water was used in all of these experiments. 
The eggs of .. enculent were obtained by Inverting 
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the aboral half of a female urchin on a beaker of 
sea water. 	Sometimes the eggs were then stied spon- 
taneously. 	If not, a pad of cotton woo], soaked with 
0.5 	potassium chloride was placed gently on the 
gonads, causing the gonads to contract and the eggs 
to be shed. 	'nhen a sufficicnt quantity of eggs had 
been obtained they were washed twice with fresh sea 
water. 	This removes any contaminating coelonic 
fluid which is known to retard the development of 
the eggs. 	Sperm were obtained by inverting the 
aboral half of a male urchin on a dry watch glass 
so that undiluted sperm were collected. 	When neces- 
sary 0.5 	KG]. was used to accelerate the shedding. 
The eggs of P. mi
,
liari .§ were obtained by in-
jecting about I ml. of 0.5 ; KG1 into the urchin 
and then inverting it on a beaker of sea water. The 
shed eggs were washed twice as before. 	Males of 
P. miliaris were similarly made to shed sperm on to 
a dry watch glass by injection of potassium chloride. 
Immediately prior to fertilisation a dilute 
suspension of sperm was prepared. 	The concentration 
of this suspension was the highest which had been 
found to give little or no polyspermy. 	This ensured, 
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as nearly as possible, simultaneous fertilisation 
of all the eggs. Any sample of eggs which did not 
show 99 	elevation of the fertilisatiOn membrane 
in three minutes was discarded. 	The fertilised 
eggs were left undisturbed for seven minutes and 
then washed twice to get rid of the excess sperm. 
Eggs treated in this way are free from the jelly 
coats. 	Each experiment was carried out using the 
eggs from only one female, since there were consider-
able differences between the eggs of different fe- 
males. 	In each experiment four to six 
suspensions 
of eggs were prepared each having a different num- 
ber of eggs per unit volume of water. 	It was not 
possible to make up these suspensions to exactly 
the required density before the experiment, but 
every effort was made to have the densities of the 
various batches as evenly distributed as possible 
over the required range. 
(ii) cUUG. 	In all the experiments estimates 
of the number of eggs present in the various batches 
of eggs under observation were made in the following 
way. In most of the experiments the eg gs were kept 
in dishes of known and equal diameter. 	In those 
experiments where the eggs were allowed to develop 
In other vessels a sample of 5 or 10 ml. was trans-
ferred to one of these dishes after vigorous shak-
ing of the original sample to ensure even nixing. 
The number of eggs in ten different fields of the 
microscope, chosen at random, was counted with the 
aid of an eyepiece graticule. 	This involved the 
counting of more than two hundred eggs in most 
samples. 	here the number of eggs was very large, 
sometimes only five fields were counted. 	Since 
the diameter of the dish, the diameter of the field 
and the volume of the water were known, the number 
of eggs per unit volume of water could be calculated. 
This method was shown to be accurate to within 
t 50 eggs / ml., except in the highest densities 
where the method was accurate to the nearest 100 
eggs / ml. 
Q_EXPEMMEFTS UING THE iEV3LV1NQ STAGE. 
(j) THE CONSTANT TE1j?RATU.RE OHMBER. 	Preli - 
minary experiments had shown that increased tempera-
tu..'e had a marked accelerating effect on the develop-
ment of sea urchin eggs and therefore a constant 
temperature chamber was designed and constructed. 
thqrmc 
radiant 













Figure i. 	Diagram of the apparatus used in the 
revolving stage experiments. All the 
important parts except the fan are shown. 
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Since simultaneous observation of several samples 
was required a revolving stage was incorporated 
into the chamber. A diagram of the chamber is 
shown in Figure 13 	It consisted essentially of 
a wooden box approximately 12" x 12" x 14", i.e. 
just large enough to house a microscope along with 
the revolving stage, fan, heater, and cooling sys- 
tem. 	It was heated by an electric radiant heat 
bulb and the temperature controlled by a thermostat 
and hot wire relay. 
Since the temperature required was about 
the same as room temperature a cooling system was 
installed. 	This consisted of a coil of copper pip- 
ing of -Inch bore and approximately 10 feet in 
length, wound backwards and forwards over the roof 
and three sides of the chamber. 	iains water kept 
circulating through this tube gave a moderately 
successful cooling system. 	The air in the chamber 
was kept circulating by means of a small electric 
fan. 	The thermostatic heating unit working against 
the water cooling system allowed the temperature 
to be controlled to within I 0.200. at or just 
above room temperature. 
The microscope was entirely within the 
chamber except for the eyepiece which projected 
through a hole in the roof of the chambr. 	Ex- 
tension anne to the coarse and fine adjustments 
made it possible to focus from outside the cham- 
ber. 	The light source was outside the chamber, 
the beam of light entering through a panel of heat- 
resistant glass. 	The samples could be placed in 
position through a sliding porspex panel in the 
front of the cheiiber. 
The revolving stage consisted of a hori-
zontal disc of.-inch perspex, about 8 inches in 
dianeter, -attached to a vertical brass spindle 
which rotated on two ball races on the floor and 
roof of the chamber. 	The spindle protruded 
through the roof of the chamber where a knob 
could be rotated so as to revolve the stage. 	The 
height of the stage on the spindle could be adjusted. 
In all the experiments the chamber was al-
lowed to stabilise for at least an hour before use. 
In later experiments a lagging of soft 
board vas made to durround the whole chamber. 
(ii) METHOD. 	These experiments were all carried 
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out on the eggs of E. esOul!L. 	Five n]. Of 
each suspension, prepared as alread;i decribed, 
were placed in a small glass dish with an opti-
cally flat bottom. 	This volume was considered 
to make evaporation negligible during the course 
of the experir;ttnt. 	In no case was there more than 
one layer of eggs in the bottom of the dish; it 
is therefore unlikely that there was any deficiency 
of oxygen. As soon as the washing was completed, 
usually fifteen minutes after fertilisation, the 
dishes were placed in the chamber on the revolv- 
ing stage. 	The ffl,,shen were so placed that they 
could be brought in turn under the objective of 
the microscope by manipulation of the knob A. A 
cin6 camera with a viewin. side arm was placed 
above the eyepiece of' the microscope. A time 
lapse apparatus operated the camera at intervals 
of 10 seconds. The first exposure was made when 
the first signs of cleavage were noted and film- 
ing continued until apprcxirnatelY 100 	Of the eggs 
had cleaved. During filming the stage was rotated 
manually so that each of the dishes was photograph- 
ed in turn. 	Since there were six dishes each 
was photographed every minute. Later it was found 
convenient for purposes of analysis to use only 
five sample an. leave one blank exposure in each 
series. 
Owing to movement of the eggs in the dishes, 
caused by rotation of the stage, it vas not found 
ponsible to photograph thc same field each time. 
The fields were therefore chosen at random. 	Any 
batch of eggs which did not show, after the experi-
ment, at least a 95 :1 normal development was die- 
carded. 
In these exp:rients the figures refer to 
the first cleavage only. 	The subsequent cleavages 
are considered seDarately later. 
(iii) RESULTS. 	The film was analysed by count- 
ing in each frame the number of eggs which had 
cleaved and the total number of eggs present. 
tc1 eavageu was taken to be the first visible con-
cavity at the equator of the egg, since this stage 
could be accurately determined irreEpective of the 
position in which the egg was lying. Any sample 
of less than thirty eggs was not considered. 	In 
some cases one egg had not cleaved at the end of 
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The percentage of the eggs of E. escu-
lentus which have undergone the first 
cleavage plotted against time, for 6 egg 
suspensions of different density, siniultan-
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probably abnormal there were no firm grounds for 
discarding them and they were therefore considered 
to have cleaved one minute after the last observa-
tion; this is normal statistical practice. 	Since 
the fields were chosen at random, successive obser-
vations of the same batch of eggs did not include 
the Paine number of eggs. 	it was therefore neces- 
sary to express the observed nuaber of eggs cleaved 
as a percentage of the total nuLabers of eggs present 
in that frame. 	The percentage of eggs which had 
cleaved was plotted against time for each of the 
botches of eggs (.Fig. 14). 	The mean time to 
reach cleavage and the standard deviation fru 
that taean were calculated, 	The taean time of cleav- 
age is a neaeure of the rate at which that batch of 
eggs developed (since rate is the reciprocal of the 
time taken). 	The standard deviation is a measure 
of the synchrony with which the eggs cleaved. 	Ve 
wish to know whether or not there is any relation-
ship between either of these variables and the nun-
ber of eggs present in the suspension. 
Pen experiments of this type were carried 
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Figure 15 	Experiment 1, Table 3. 	The mean time 
taken for 6 batches of the eggs of E.escu-
lentus to reach first cleavage plotted 
against the number of eggs present in each 
suspension. 	The vertical lines represent 
the standard deviations from those means. 




NUMBER  1 2 3 4. 5 6 
1 
DENSITY 1,950 1,600 1,200 750 450 200 
MEAN TIME 115.05 115.78 116.25 117.06 117.68 118.39 
STANDARD 
DEVIATION 
3.05 3.4.2 3.80 1+.35 3.68 3.87 
2 
DENSITY 1,250 1,050 800 450 - - 
MEAN TIME 122.69 122.65 123.29 123.82 - - 
STANDARD 
DEVIATION 
+.57 3.98 6.90 5.27 - - 
3 
DENSITY 1,150 1,000 800 4.50 300 - 
MEAN TIME 119.61 118.34 119.76 119.91+ 120.12 - 
STANDARD 5.35 4.22 
DEVIATION  
5.18 4.95 5.93 - 
4- 
DENSITY 1,600 1,050 700 500 - - 
MEAN TIME 115.53 117.19 115.92 117.30 - - 
STANDARD 3.57 1+.4-3 
DEVIATION  
3.4-3 3.33 - - 
5 
DENSITY 1,850 1,300 1,000 650 1+50 - 
MEAN TIME 125.10 121 -.98 125.61 124.05 122.93 - 
STANDARD 
DEVIATION 
4-.70 5.1+8 4..92 4-.82 5.30 - 
6 
DENSITY 1,350 900 650 - - - 
MEAN TIME 114.27 114.63 115.1+8 - - - 
STANDARD 
DEVIATION 
3.97 4.23 +.1+8 - - - 
7 
DENSITY 1,850 1,500 1,200 650 500 - 
MEAN TIME 116.11 118.82 118.75 118.35 118.83 - 
STANDARD 
DEVIATION 
3.80 4-.02 3.90 4-.88 5.15 - 
8 
DENSITY 1,350 1,100 750 500 300 - 
MEAN TIME 115.83 111+.86 116.1+8 115.97 116.37 - 
STANDARD 
DEVIATION 
3.20 3.13 3.22 3.23 3.13 - 
9 
DENSITY 1,550 1,150 850 650 - - 
MEAN TIME 117.79 118.4-8 120.28 118.90 - - 
STANDARD 
DEVIATION 
4.10 4..17 1+.03 3.70 - - 
10 
DENSITY 1,650 1,200 800 400 - - 
HEAR TIME 117.91 119.46 120.79 120.22 - - 
STANDARD 
DEVIATION 
4.15 3.92 1+.22 5.77 - - 
U 
DBESIT! app. 1000 app. 1000 app. 1000 iLpp.1000 - - 
HEAR TIME 114.25 114.85 111+.0 114.72 - - 
STANDARD 
DEVIATION 
4.06 4..34. 4..81 4.05 - - 
12 
DENSITY app. 1000 app.1000 app.1000 app.1000 Ipp.1000 - 
MEAN TIME 115.05 114.62 114.81 115.11 U4.57 - 
3.91 4.10 4..3* 3.86 3.83 - 
Table 3. 	Measurements of the mean time to reach first 
cleavage and the standard deviation from that 
mean for batches of the eggs of E esculentus by 
the revolving stage technique. 	'Density'indi- 
cates the number of eggs per ml.. 
TABLE 4. 
3 	4 	5 	6 	7 	8 	9 	10 
-vc 	-ye 	-ye 	+ve 	-ye 	-ye 	-ye 	-ye 	-ye 	-ye 
J. J,1 	J. 301 	3. 001 	3. 031 	J. 5-0.01 	0.001 	0. 1-0. 05 	3.1-3.35 	0. 1-3. 05 	3. 031 
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the reasons already mentioned, each of these ex-
periments provided estimates of the mean and stan-
dard deviation for three to six different densities 
of egg suspension (see Table 3). 
(a) Rate. 	Each experiment was considered sepa- 
rately. 	hen the mean time to reach first cleav- 
age was plotted against the number of eggs present 
there appeared to be a tendency for the time to de-
crease as the number of eggs increased (see for 
example Fig. 15). 	It would have been possible to 
fit regression lines for mean time upon number of 
eggs present, but this would have o.nitted the varia- 
bility of the mean. 	Regression lines were there- 
fore fitted for time to reach cleavage upon the num-
ber of eggs present using the complete scatter of 
cleavage times recorded for each batch of eggs. 
Table 4 shows the direction of the elope of the 
lines and the probability that they differ from a 
horizontal line, as calculated by a variance ratio 
test. 
Six experiments show a significant negative 
relationship between the time to reach cleavage and 
45 
the number of eggs present, i.e. when larger numbers 
of eggs are present the eggs develop faster. 	In 
three experiments the slopes of the lines just fail to 
reach the S % significance level and cannot therefore 
be considered to show any relationship between time and 
number of eggs present. 	The tenth experiment shows a 
significantly positive relationship. 	It can be st1OWI3 
by an analysis of variance that the differences between 
the slopes of these lines are statistically significant. 
If however the experiment giving the positive slope 18 
omitted the variation between the slopes can be attri-
buted entirely to sampling error. 	There can however 
be no justification for omitting this result and the 
difference of this result must be considered to be 
due to an unknown but significant influence. 	On 
the other hand the fact that the other results show 
such a good correspondence lends weight to the sugges-
tion that the eneral trend shown by these lines is 
a real one. 
These results then are taken as fairly good evi-
dence that there is a negative relationship between 
the time to reach cleavage and the number of eggs pres-
ent. At the same time they must be considered with 
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Figure 16. 	The mean times to reach cleavage shown 
in table 3, plotted against their correspon-
ding standard deviations. 	The fitted 
regression line is shown 
M. 
It should be noted that although these re-
suite are statistically significant the absolute 
values of the differences arenia1l. 	In the ex- 
periment shown in Figure 15 for example, the mean 
time for a batch of eggs with 1950 eggs / ml. pres-
ent was 115.05 minutes and with 200 eggs / ml. pres-
ent was 118.39 minutes, i.e. a difference of ap- 
proximately 3 minutes. 	Since the observations 
were made every minute the figures cannot be claim-
ed to be more accurate than to the neare3t minute, 
In the two control experiments (Mos, ii and 12) 
where the samples were all of equal density the 
differences between the highest and lowest values 
of mean time are 0.60 minutes and 0.54 minutes res- 
pectively. 	Thie confirns that the differences 
though small are real. 
(b) Synchrony. 
The mean and the standard deviation need not 
be dependent on esoti other, but if we plot the mean 
time to reach cleavage against the standard devia-
tion a regression line can be fitted (Fig. 16) which 
shows that there is a significant relationship be-
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Figure 17. Experiment 5, Table  3. 	The standard 
deviations from the mean times to reach 
first cleavage plotted against the number 
of eggs present. 	The line shorn does 
not differ significantly from the horizontal. 
1L B 	5. 
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for 3 Degrees of Freedom, p = 0.7 - 0.8. 
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reaóh cleavage. 	This result is obtained in spite 
of considerable differences between the absolute 
values of the means for the eggs of different ur-
chins. 	Since we have already shown that there 
is probably a relationship between the mean time 
to cleavage and the number of eggs present there 
must also be a relationship between the scatter 
and the number present. 	If now we plot the stan- 
dard deviation against the number of eggs present 
for each experiment separately (Fig. 17) and fit 
regression lines to these points, in only one case 
does this line differ significantly from the hori- 
zontal (Expt. 7. Table 3). 	This seems to indicate 
that there is no relationship between the synchrony 
of cleavage and the number of eggs present. 
Combining the results of all the experiments 
(which must be done with caution since they were 
carried out with the eggs of different urchins) a 
two by two contingency table was drawn up to com-
pare the standard deviation at high and low den- 
sities (Table 5). 
\e can thus say that the distribution does 
not differ significantly from a random one. 	This 
EU 
again fails to show a relation between the stan-
dard deviation and the number of eggs present. 
Some of the differences between individual 
pairs of standard deviations in the same experi-
ment are significant when compared by a variance 
ratio test. 	Altogether 82 comparisons of vari- 
ance can be iliade between suspensions with differ-
ent numbers of eggs, keeping the comparisons with- 
in one experiment. 	These are distributed as in 
Table 6. (Facing p. 4') 
Since we do not know the expected frequen-
cies we cannot test the randomness of the distri-
bution with a 
'2 test. 	It does seem likely 
however that there are more oases where the vari-
ance of the lower density is significantly greater 
than one would eect by chance. 	Thus one nethod 
of comparison shows a relationship between syn-
chrony of cleavage and the number of eggs present; 
one method gives a slight indication of such a re-
lationship and two methods fail to show it at all. 
Since the result of the first test is hih1y sig- 
nificant (p < 0,001) we must conclude that there 
is an effect, but since we have failed to show it 
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in the experituents considered individually the ef-
fect uiust be very small indeed. 
D. EXPERD4EPITS 'WITH THE MOVING CAMERA. 
(1) 	 There are certain disadvantages 
of the revolving stage technique. 	Pdost important, 
the move :ent of the stage tends to group the eggs 
together so thet they are not always distributed 
evenly throughout the water. 	Two technical diffi- 
culties are also caused by the revolving stage. 
First, since each batch of eggs is photographed 
through the earns microscope there is a tendency 
for the number of eggs photographed in the dishes 
which contain a small number of eggs to be too 
small. 	Secondly, the fact that a random field 
Is photographed on each occasion makes the cal- 
culation more complex than it would be if the same 
number of eggs were photographed each time* 	It 
seemed desirable therefore to have each sample of 
eggs stationary on the stage of a separate micro- 
scope of suitable magnification. 	The difficulty 
then Is to observe them simultaneously and to keep 
the temperature constant. 
The first group of experiments had shown 
FI,gqre 	Diarai;i of the arra11ge:ent of the 
apparatus used in the moving camera 
experiments (from above) 	i-E, 
microscopes each having a different 
magnification. 
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that there were considerable differences between the 
eggs of different urchins; 	the results of the sepa- 
rate experiments are therefore not directly compa- 
rable. 	There is thus no advantage in carrying out 
all the experiments at the same temperature. 	Since 
there is no reason to suppose that the temperatures 
of the dishes in the constant temperature chamber 
differ from each other any less than they would do 
when exposed to room temperature, and since all are 
developing simultaneously no form of temperature 
control was used in the following experiments. 	In 
order to observe all the' samples at the eariie time, 
five samples of eggs, prepared in the same way as 
before, were placed on five microscopes of appro-
priate magnification set in an , arc about the verti-
cal arm of a heavy metal camera stand (Fig. 18). 
The camera attached to the horizontal arm of the 
stand could be moved manually into position over 
each of the microscope in turn. 	Exposures were 
made every ten seconds so that, with one blank in 
every serie, each dish was photographed every nun- 
ute. 	The film was analysed by noting the number 
















EGGS PER ML. 
Figure 19. Experiment 5, Table 7. 	The mean time 
taken for five batches of the eggs of 
E. esculentus to reach first cleavage plotted 
against the number of eggs present in each 
suspension. 	The vertical lines represent 
the standard deviations from the means. 




NUMBER  1 2 3 1+ 5' 
1 
DENSITY 1750 1550 1200 650 1+00 
MEAN TIME 11+3.7 11+2.2 11+3.0 11+3.7 1145.1 
STANDARD 3.33 
DEVIATION  
3.90 3.33 3.60 3.1+5 
2 
DENSITY 700 650 1+50 350 150 
MEAN TIME 11+2.2 11+2.8 11+1.5 11+1.7 11+1.1+ 
STANDARD 3.58 
DEVIATION  
3,18 3.37 3.63 1+.33 
3 
DENSITY 1150 800 600 350 - 
MEAN TIME 155.8 155.8 156.1 159.1 - 
STANDARD 6.95 
DEVIATION  
7.77 5.1+0 5.25 - 
1+ 
DENSITY 1100 750 600 400 250 
MEAN TIME 157.1 151+.8 153.8 156.1 153. 2 
STANDARD 6.18 
DEVIATION  
4.33 14.65 14.62 5.35 
5 
DENSITY 1800 1650 1300 800 1+50 
MEAN TIME 156.2 156.5 157.9 158.3 161.1 
STANDARD 
DEVIATION 
3.02 3.85 3.145 3.33 14.18 
6 
DENSITY 1700 1200 750 550 350 
MEAN TIME 11+3.7 1142.0 1143.1 11+1+.7 1145.2 
STANDARD 
DEVIATION 
3.37 3.160 3,50 2093 3983 
7 
DENSITY 1850 1250 750 1+50 150 
MEAN TIME 157.2 157.0 156.0 158.6 158.0 
STANDARD 1i931 
DEVIATION  
14.168 14.97 14.00 5.37 
8 
DENSITY app.2000 &pp.2000 app.2000 app.2000 - 
MEAN TIME 11+8.0 11+7.48 11+8.05 11+8.22 - 
STANDARD 1+.25 
DEVIATION  
4.51 3,944 14.21 - 
9 
DENSITY app. 2000 app.2000 app.2000 app.2000 - 
MEAN TIME 153.50 152.78 153.61+ 153.10 - 
STANDARD 3.1+5 
DEVIATION  
3.78 3.31 3.85 - 
Table 7. 	Measurements of the mean time to reach first rleavage 
and the standard deviation from that mean for hatches of the 
eggs of E. esculentus by the moving camera technique. The 
densities in these experiments cover the range 200 - 2030 
eggs per ml.. 
8 . 
I 	 3 	4 	 5 	 6 	 7 
li.  
)j_• 	 L''J.•J 
-vc 	i-ye 	 vo 	+vc 	—ye 	ve 	-ve 
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this way the mean time and the standard deviation 
of the cleavage times could be calculated directly 
without converting to percentages. 
(ii) RESULTS . 	Seven experiments were carried 
out covering the same range of densities as the ex-
periments described in the orevious section (i.e. 
up to 2000 eggs / nil.). 	The mean times to reach 
the first cleavage and the standard deviations 
were calculated as before (see Table 7). 
(a) Rate. 	Regression lines were fitted for 
mean time upon density of suspension (see for ex-
ample Fig. 19). 	The slopes of these lines and 
the probabilities that they differ from the hori-
zontal are shown In Table S. 
Four of the lines have a significantly 
negative slope; two do not differ significantly 
from a horizontal line and one has a significantly 
positive slope. 	Again this seems to indicate a 
negative relationship between the time to reach 
cleavage and the number of eggs present, but, as 
before.. in view of the one positive result, this 
conclusion must be considered with caution. 
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Figure 10. 	Experiment 15, Table 9. The mean time 
taken for five batches of the eggs of 
E.esculentus to reach first cleavage plotted 
against the number of eggs present in each 
suspension. 	The vertical lines represent 
the standard deviations from these means. 




NUMBER  1 2 3  5 
10 
DENSITY 11,900 7,150 4,050 1,750 950 
MEAN TIME 11+2.68 11+3.01 11+3.32 11+3.44 11+1+.97 
STANDARD 
DEVIATION  
5.37 5.55 5.21 1+.69 f.92 
11 
DENSITY 11 1 050 7,200 5,550 3,000  
MEAN TIME 136.73 135.53 135.62 136,77 
STANDARD 
DEVIATION 
5.99 5.63 51+5 5.32 
12 
DENSITY 11+,700 12 ,300  6 9 700 3,650 1,500 
MEAN TIME 128.97 126.89 127.26 127,96 128.89 
STANDARD 
DEVIATION 
6.39 8.25 7.19 7.11 7.09 
13 
DENSITY 9,600 9,1+50 52150 3050 850 
MEAN TIME 133.33 129.81 129.1+5 130 .71 131.28 
STANDARD 
DEVIATION 
4.56 4.02 1+.12 4.95 3.78 
11+ 
DENSITY 6 9 700 6 1 1+50 1+,600 2 9 800 19 1+50 
MEAN TIME 117.63 117. 08 117.80 117.11+ 123.73 
STANDARD 
DEVIATION 
5.27 1+.59 't..98 3.23 1+.39 
15 
DENSITY 8 9 1+50 5,750 41550 2 1000 11 1+50 
MEAN TIME 130.65 130.98 128.97 129.93 131.78 
STANDARD 
DEVIATION 
5.27 4.76 3.88 3.73 5.18 
16 
DENSITY 8 ,500 7 9 700 79 000 39850 
MEAN TIME 11+1.88 139.89 139.30 11+1.97 
STANDARD 
DEVIATION 
4,1+5 4.85 4.43 4.98 
17 
DENSITY 13 9200 39 850 1,950 4300 
MEAN TIME 130.35 127.23 128.12 128.36 
STANDARD 
DEVIATION 
3.93 3.17 4.97 3.68 
18 
DENSITY 8,600 1+9300 2,200 1,150  
MEAN TIME - 130.58 127.& 126.93 128.60 
STANDARD 
DEVIATIOII 
4.31 3.61 3.65 3.82 
Table 9. 	1easurernents of the time to reach first cleavage an. d the 
standard deviation from that mean time for batches of the eggs 
Of E. escu±ent.us by the moving camera technique. 	The den- 
sities in these experiments cover the range 2000 - 15,000 
eggs per ml.. 
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out covering a wider range of densities of egg 
suspension (Table 9). 	The mean times to reach 
cleavage were plotted against the number of eggs 
present. 	It appears from these graphs that, while 
there is a tendency for the time to reach cleavage 
to decrease over the range up to 2000 eggs / ml. 
studied in the previous experiments, there is also 
a tendency for the time taken to increase again at 
higher densities (see Fig. 20). 	In order to test 
whether or not this was so, a straight regression 
line was fitted to the data as before and In acidi- 
tion,a quadratic curve was also fitted. 	This 
curve may be represented by 
y = ax  + bx + C 
2ax+b 
at the point of inflexion dy = 0 	2ax + b = 0. 
dx 
11 an estimate of the value of x at the point 
of inflexion (x1) 	is substituted we get 
2ax 1 + b = 0 
b=-2az1 
TA I3LE 13. 
8 	 10 11 12 13 14 15 15 
P! 0. 050. 31 	3.2 	5.2 1.2 0.301 0.7 O 10• 2 3.001 0.2 
P. 3.2 	0.172 	0.124 0. 0.001 0.041 3. 	31 0.541 0.001 
1. Oo 	D.127 	0.134 0,027 0.101 0.341 0.301 0.010 0.001 
= the pro0ability tha t 
horizontal line. 
p2 = the probability that 
horizontal line. 
Q = the probability that 
quadratic regression 
the lincar regression line does not differ from a 
the quadratic regression line does not differ from 
there is no difference betvieen the linear and the 
lines. 
TABLE 11. 
10 	11 	l 121 	13 	14 	15 	Lu 	17 	18 
&I AT 	OF 
1ui'LL0U- 6000 	5000 	7000 	305 	5001 	50)0 	6000 	5000 	5000 
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the equation now becomes 
Y = ax8 - 2axx + c 
= a(x2 - 2x1 x) + a 
let (x - 
then y = aX + a. 
Thus by estimating the point of inflexion 
from the data we can fit a curve to the observed 
points by using the straight line formulae. 	One 
must also estimate the intercept on the y axis. 
This curve is not necessarily the beet fit of the 
data, but if we can show that any curve of the cor-
rect general shape is a significantly better fit 
than a etraiht line then we can say that it is 
fairly certain that the mean time to reach cleav-
age decreases up to a certain density of eggs but 
above this value the time taken increases again. 
A non-significant answer, however, would prove 
nothing. An example of the quadratic curve is 
shown in Figure 20. The results of an analysis 
of variance to teat the significance of the dif-
ference between these pairs of lines is shown in 
Table 10. 
zi 
From this table we can see that in only 
three of the experiments were the straight lines 
good. fits. 	Six of the nine were good fits of the 
quadratic line. 	Eight of the nine are better rite 
of the quadratic line than of the straight line, six 
of these significantly so. 	In one experiment (No. 
10) the straight line is a better fit than the 
quadratic. 	In the table therefore the probabil- 
ity that the two lines for this experiment differ 
is put at unity (which is the worst possible for 
the present purpose) so that this experiment could 
be combined with the rest. 	A combined probability 
for all the experiments can be calculated from the 
individual probabilities SlflCB 
2 = - 2 loge p 
each probability having two degrees of freedom 
for p2 X 
 2 = 79.29 
= 0.00]. 
i.e. we can say that It is 'very probable that the 
data fit a quadratic trpe curve. 
Also for p3 , 	= 73.80 
= 0.001 
EGGS PER ML X 
Figure 21. 	Experiment 13,  Table  9. The standard 
deviations from the mean times to reach 
cleavage plotted against the number of eggs 
present. 	The line shown does not differ 
significantly from the horizontal. 
55 
I.e we can say that it Is very probable that the 
data fit a quadratic curve better than a straight 
l ine. 
It is concluded that the taoan. time to reach 
first cleavage decreases when larger numbers of 
eggs are present up to a certain point. 	Above 
that it increases again. 	The point at which it 
starts to increase again is the point of inflexion 
of the quadratic curve which was arbitrarily assign- 
ed. 	These values are shown in Table 11. (See p. 53.) 
These points give a rough indication of the 
optimal density of eggs i.e., between 53.0 and 
6000 eggs / ml. 
Once again the two control experiments using 
batches of.eggs of the same density (Nos. 8 and 9) 
show that by this method the error for such batches 
Is less than one minute. 	There are however one 
or two larger errors in the experimental batches 
(e.g. Sample I s  Expt. 1, Table 7). 	This point 
is considered in the diecussiofl (p.73). 
(b) Synchrony . 	The standard deviations plotted 
against density of suspension do r±ot show any con-
stant trend (Fig. 21). 	Taking the 16 experiments 
together there are 140 possible comparisons of 
variance between the eggs from one female. 	In 96 
cases the differences are not significant. 	In 24 
the denser batch of eggs has the higher standard 
deviation, and in 20 cases the less dense batch 
has the higher standard deviation. 	The only con- 
clusion that can be drawn from these figures is that 
it is unlikely that there is any marked correlation 
between the synchrony of cleavage and the number 
of eggs present. 
E. SUESEUENP CLEAVAGES. 
INTRODUCTION. 	So far, we have shown that 
it is probable that the rate at which the eggs 
reach first cleavage is greater for batches in which 
larger numbers of eggs are present but when the num-
ber becomes very large the rate diminishes again. 
Is this tendency continued in the subsequent cleav-
ages? Several experiments were done ;omrver this 
question. 
MTH0D. 	Four experiments were carried ou using 
the revolving stage technique already described. Two 
were carried out using a fixation technique and three 
by estimation of the rate by direct observation. The 
additional methods were used mainly as a check on the 
TABLE 12 
!XPBRDn Tfl(E TO 50% CLEAVAGE SPECIES  








1-2 52.6 51.5 50.8  






2 TIME 	F-i 114.1 115.2 115.4 116.0 
BETWEEN 
CLEAVAGES 1-2 63.6 62.5 62.5 62.8 
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Table 12. 	Ieasurements of the time from fertilisation to first 
- cleavage (F-i) and between the subsequent cleavages (1-2, 
2-3, 3-4) for batches of see urchin eggs by three different 
methods. 
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photographic method, but also because it was found 
difficult to determine the exact moment of cleavage 
in the second and later cleavages from a photograph 
if the cleavage plane was horizontal. 	"Cleavage" 
in the second and later cleavages is taken to occur 
at the moment when one can detect a concavity at 
the equator of any one of the blastomeres. 
(a) Fixation. 	In Experiments 8 and 9, Table 12, 
the eggs of P. jm liaris, were used. 	The eggs, pre- 
pared and fertilised as before, were divided into 
four batches of about lOu ml. and placed in a water- 
cooled water bath at 18° C. ± 0.2° C. 	The eggs 
were agitated at five-minute intervals throughout 
the experiont. 	During the periods of cleavage 
samples of about 0.5 ml. were taken from each batch 
every minute and placed. in previously prepared, 
labelled tubes containing 0.5 ml. 8 	formalin In 
sea water. 	The tubes were then corked and sealed 
for later examination. 	From these tubes samples 
of about 200 eggs were counted and the number of 
eggs which had divided was noted. 	This nuiber was 
then expressed as a percentage of the total nunber 
of eggs and plotted against time as before. 	The 
58 
time at which 50 	of the 	's had cleaved was 
noted. 
(b) Direct Observatio n . 	In these experiments 
the eggs of E. esculeitus were used. 	The eggs 
ere aricd ae efoie except that the batches un-
der ri C :tjo. :cr' :ettIlied at 15-minute inter-
vals. 	The batches were placed in 250 ml. beakers in 
a water-cooled water bath at approximately 13 0 C., 
the temperature being constant for any one experi- 
uent to ± O.20 C. 	The volume of each batch was so 
arranged that there was only one layer of eggs on 
the bottom of the beaker. 	In some of the highest 
ueJui:. i;ies however a volume sufficient to give three 
5 ml. samples contained more eggs than could lie in 
one layer, so that in these cases more than one lay- 
er was present. 	For this reason all the batches 
were agitated at 10-minute intervals throughout the 
experiment. 	It is still possible that the batches ,  
of highest density might have been affected by lack 
of oxygen. 	Vhen the time of cleavage of each 
batch approached, a sample of 5 ml. was removed from 
the beaker (precautions being taken to ensure even 
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Figure 29 . Experiment 1, Table l+ 	The times 
between fertilisation and first 
cleavage and between the subsequent 
cleavages plotted against the number 
of eggs present in the suspensions. 
The water in which the eggs were 
developing was buffered. With M/+O Tris. 
buffer at pH 7.99. 
velopinent was also normal at least as far as the 
fourth cleavage and probably much further, 
Table 13 swe a Lypical range of pH values 
obtained using glyc1l-g1rcine. 	The buffered sea- 
water so prepared was diluted by half with egg sus-
pension so that the final concentration of the buf- 
fer was 1 • 	Tris buff€x' was prepared by adding 
14 ml. 0. 514 H01. to 10 ml. 0.2 M Tris and making 
up to 164 cal# with sea vaLr. 	This gives a pH of 
8.00. 	Again this was diluted by half to give a 
final concentration of 	. 	There seems to be 
little to choose, from a bioloaical point of view, 
between these butTers. 
Several experiments were done using four 
batches of eggs with aproxiate1y the saie number 
of eggs per tul., but each was buffered at a differ-
ent level. 	i'iguze 28 illustrates the result of 
one such exeiment; this shows that as the pH de-
creases from the pH of normal sea water so the time 
betwc'n feLi1ieation on first cleavage and the 
time between successive cleavages increases. There 
was little difference froui pH. 8.1 down to 7.9 In 
any of the experiments,. 	The slight acceleration 
TABLE 13 
1 • 03 M 
GLYCIL-GLYCI. E 




5 ml. 1 	in].. to 106 in].. 7.34 
5 ml. 2 ial. to 106 ml. 7.60 
5 	ini. 2.7 in].. to 106 ml. 7.85 
S 	ial. ô. 9 ml. to 106 ml. 8.14 
NOTE: 	Care must he taken to add the NaOH 
to the glycil-glycine before adding 
to the sea water in order to pre-











Figure 28. 	The effect of pH on the time to 
reach cleavage of four batches of eggs 
of E. csculenths each with the same 
number of eggs per ml.. 	The sea water 
is buffered with a glycil-glycine buffer. 
M. 
tratione. 	The decreases observed in the higher 
densities (about 0.7 pH unite) would be considered 
a substantial drop in the pH (Harvey 1955, p. 155). 
On no occasion did the presence of eggs raise the 
pH so that even if the suggestion that development 
is accelerated by pH values above that of normal 
sea water, this could not explain the acceleration 
in the present case. 
Next we must find out if the observed pH 
values would have any effect on the rate of develop-
ment. 	In these experiments thq eggs of E. escuin- 
tue were used and observations made by the method 
of direct observation described on p. 58. 	It was 
estimated that this method gave an estimate of the 
50 	cleavage time accurate to within 1 10 seconds. 
Approximately 100 eggs were used in each observation 
- and never lees than 50. 	Control of the pH was 
effected by using either a glycil--glycine buffer or 
a "Tris" ( trls(hydroxyrnethyl)-arninomnethnne ) buf-
fer. 	Both were found to allow apparently normal 
fertilisation, although in all cases fertilisation 
was carried out in normal sea water and the eggs 
were transferred to buffered sea water later. De- 
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sea water drops (Harvey 1955). 	It is also poss- 
ible that other acids are produced which tend to 
lower the pH. 	It is probable therefore that the 
pH of sea water in which sea urchin eggs are develop-
ing drops progressively. 	Secondly this lowering 
of the pH could alter the rate of development and 
since, when more eggs are present, more 0 02 will be 
produced this could have a direct bearing on the re-
sults. Haywood and Roots (1930) have shown that CO2 
tensions as low as 4 cm. of mercury with the accompany-
ing drop In pH can delay cleavage. 	Smith and Clowea 
(1924) have also shown that acid conditions slow 
cleavage but also make the claim that slightly alka- 
line conditions accelerate development. 	This claim 
has been upheld and denied by several workers. No 
special Investigation of this point was made but it 
would obviously be worth coneIderin. 
Several tests were made of the effect of dif-
ferent numbers of eggs on the pH of the sea water. 
A Pys pH meter was used for the pH determinations. 
Figure 27 shows the result of a typical experiment. 
We can see from this that the pH is lowered by all 
densities of egcs but more so by the higher concefl- 
•-, 11.600 gg prmI. 
t approx c!zav, 	trn 	 0.0 780C 	- 	.. - 
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TFME IN HOURS 
Figure 	. The effect of four batches of eggs of 
E. esculentus each having a different number 
of eggs per unit volume of water on the pH 
of the sea water in which they are developing. 
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those of P. miliaria at 210  C. 	In general we can 
say that the standard deviation tends to become 
greater in the later cleavages (Fig. 25). 	If how- 
ever we measure the scatter of the times between 
cleavages instead of the times to reach cleavage 
we find that there is a definite tendency for the 
generation time to become more constant. 	Compare 
the two sets of histograms shown in Figure 26. 
Series A shows the times taken to reach the first 
to fourth cleavages for a batch of 20 egs. 	Series 
B shows the tines between cleavages for the same 20 
eggs. 	It is quite obvious that though the overall 
synchrony remains the same or becomes poorer the 
time between cleavages becomes very constant indeed. 
Thus again we find a difference between the first 
cleavage and the subsequent ones in that nost of 
the scatter in cleavage tines is due to the first 
cleavage. 	This cannot be due to differences in 
time of fertilisation as in all cxpei'iirients care 
was taken to ensure as near as possible a simultane-
ous fertilisation - 	the scatter of fertilisation 
times is certainly less than one minute. 	It is 
poseibi.e tnuL nuch 01 the sentter in the first 
M. 
cleavage is due to differences In the times taken 
in the different eggs for the fusion of the male 
and female pronuolel. 	Thu nucleus is often as 
near to the periphery of the egg as to the centre. 
If the sperm there fore enters an egg where the 
nucleus is eccentric, at a point near the nucleus, 
the time taken for fusion will be much less than 
if the sperm entered at a point diametrically op- 
posite the nucleus. 	Fusion of the pronuelci in 
P. znlJ.laris takes up to 10 minutes and in E. ec- 
lentus up to 15 minutes. 	This coulu therefore 
account for much of the scatter but the delay 
caused could not account for the absolute differ-
ence between th time taken to reach first cleav -
age and the time between the later cleavages. 
There are thus some grounth' for believing 
that the pre pare, t'Lon for first cleavage is in souie 
way different from that of the other cleavages. 
However before we could attribute the observed 
phenomenon of mutual acceleration to this differ-
ence  
(ii) .LNu3. 	Even 11 t i&- does play 
soe :ait it -is obvious thnt there are rcterding as 
well as accelerating forces acting on the eggs. 
It would be interesting to deteruilne what these 
forces are and to find out if their removal would 
make the mutual acceleration more pronounced. 
Many environmental influences are known to retard 
the development of the eggs, e.g. contamination 
with coelornic fluid, hrpertonicity of the sea water, 
lack of oxygen, reduced tecperature and alterations 
in the pH of the ecu water. 	The first two we can 
certainly eliinate as the rccautions taken in 
the experiments to control these factors were ade-
quate. 	Precautions were also taken to prevent 
lack of oxygen but it is felt that in a few of the 
highest densities of eggs thi may well have been 
the cause of the retardation. 	This leaves the 
effect of pi and of reductiin of temperature and 
it is felt that a more detailed discussion of these 
two factors would be useful in interpreting the 
re s u 1 t e. 
(a) The iffeot 01' the p..i of Uea I.,ater on thej-
veloptuent of Sea Ilrohin 	 Jea urchin eggs 
during their developent produce carbon dioxide. 
As the concentration of 	rises the pH of the 
C 
a 
FiSuZe 25. The number of eggs which have cleaved 
at 3 successive cleavages of the same batch 
of the eggs of 	 plotted against 
time. Note that the scatter at the ends of 
the curves becomes ;;:'oater with each success- 
ive cleavage. 	The ro is arbitrary in each 
case. 
TIME TO REACH CLEAVAGE 	 TIME BETWEEN CLEAVAGES 
F. to It 
rR 
SECOND 	 Ist to 2nd 
iL 
THIRD 	 2nd to 3rd 
111ft  0 
FO U R 3rd to 4h 
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Figure 26. 	Histograms showing , left, the scatte: 
of the times to reach cleavage for a batch 
of eggs of P. ilIlliaris, and right, the 
scatter of the tiues between cleavages for 















correspond fairly well with those obtained previ-
ously by the photographic method. 
If the trend observed in the first cleavage 
is continued in the subsequent cleavages then the 
lines should run a3proximately parallel to each 
other. 	In none of these exoerimente is this the 
case. 	In those experiments over the range up to 
2000 eggs / ml. the downward trend is lost in all 
four experiments and in all is replaced by a slight-
ly upward trend (Fig. 23). 	In th. experiments 
over the wider range the gentle U-ped curve 
found in the first cleavage is in all progressively 
replaced by a more or less straight line with an 
upward trend (Fig. 24). 
The conclusion drawn from these figures is 
that the tendency for the celle to show a mutual 
acceleration is not shown. in th cleavages after 
the first. 
F. D1SCIJE3SION. 
Altogether thirty experiments on the first 
cleavage are reported here, four of these being 
controls. 	Sixteen of the experiments support the 
suggestion that the time taken to reach first 
Al 
cleavage decreases as the nuiber of eggs increases 
up to a certain point after which it increases 
again. 	Three expcuentE contradict this conclu- 
sion and seven are inconclusive. 	Only In the 
first group of ten experiments was it shown that 
there was any tendency for the degree of synchrony 
with which the ega divided to be greater when 
large nu.abers of eggs were present and even then 
the effect was a slight one. 	In all the observa- 
tions of cleavages after the first, there was a 
marked tendency for the acceleration in the medium 
densities to disappear and for the time to reach 
cleavage to become directly proportional to the 
number of eggs present. 	There is also a tendency 
for the degree of synchrony to become poorer in the 
subsequent cleavages. 	We have thus several points 
to consider. 	e must consider the acceleration 
in the medium densities, the retardation in the 
highest densities and in the later cleavages, and 
the almost complete absence of the expected im- 
provement in synchrony with incriee in. the density 
of the suspension. 	Also in view of the inconsis- 
tency of some of these results we must consider the 
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general validity of these in the light of the vari-
ous factors which can influence the readings. 
If we accept the evidence of the majority 
of the experiments one possible explanation is that 
there are both accelerating forces and retarding 
forces acting. 	Only when there is an optimal num- 
ber of eggs present, and then only in the first 
cleavage, are the accelerating forces more apparent 
than the retarding ones. 	If one thinks of the re- 
tarding factor as cumulative, e.g. the accumulation 
of a toxic waste product, one can easily explain 
the disappearance of the acceleration in cleavages 
after the first. 	Before accepting this explanation 
let us see if there is any reason for believing that 
the preparation for the first cleavage is In any way 
different from that of the later cleavages. 
(i) THE FIRST CLEAVAGE . 	The time between fer- 
tilisation and the first cleavage is always much 
greater than the time between the later cleavages. 
The actual time at any one temperature meyvary con-
siderably between the eggs of different urchins. 
At 13° C. the eggs of F. esculentus take approximate-
ly 2 hours 15 minutes from fertilisation to first 
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cleavage and 1 hour 15 minutes between the subse-
quent cleavages. 	The eggs of 	lierL9 take 
approximately 60 minutes to reach the first cleav-
age at 21 C. and 30 minutes between the subee-
quent cleavages. 
Swami (1954) points out that the time from 
fertilisation to the onset of the first niltoele and 
the time between the onsets of the subsequent mitoses 
are approximately equal. 	He auggests that a 'divi- 
sion reservoirs' start to fill at fertilisation. 
On reaching a certain level it empties and triggers 
off nitoeia, but iiediate1y eta:te to fill again 
oven during the period of raitosis. 	Thin sugges- 
tion which is -,rat - borne out by riork with mitotic 
inhibitors could explain the ditferene between the 
first and the subsequent cleavages without postulat-
ing ang radical difforene between the cl eavages. 
Again the eggs of different females show 
consi.cr.'able thffcrcnce& between the synchrony with 
hich the eggs: cleave after a simultaneous fertili- 
eation. 	t the first clavags the ztandard devia- 
tion at 13 C. for the eggs of 	asculeaLuA is be- 
teen thrce nd. ei- Ainue3 	' i' J 	r$'30 for 
Right. 	 The time 
taken a) from fertilisation 
to 	first cleavage, 
b) froii first to second 
cleavage, and c) from 
second to third cleavage, 
in four batches of the eggs 
of E.esculentus plotted 
against the number of eggs 
present in each suspension. 
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Left. Figure 2+. The time 
taken from fertilisation 
to first cleavage and 
between subsequent 
cleavages (as in Fig.23) 
in four batches of the 
eggs of P.miliaris plotted 
against the number of eggs 
present in each suspension. 
(Fixation techniciue) 
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dishes. 	This was then put into the inner chamber 
of the constant temperature chamber shown in Figure 
22. 	This is essentially a small perspox chamber 
surrounded by a water jacket through which water 
direct from the water bath incubator is passing. 
This ensures that the incubation of the eggs con- 
tinues at the same temperature. 	It was found that 
the transfer from bath to chamber could be made in 
about three minutes. 	The chamber was then placed 
on the stage of the microscope and a field of eggs 
selected at randon. 	A camera lucida outline of 
the eggs as then made and the totel number of eggs 
in the field counted. 	As each egg cleaved it was 
marked off. 	The time to reach 50 	cleavage was 
noted. 	Each sample was discarded after use and a 
fresh sample taken for each cleavage of each batch. 
The density of each batch was estimated as usual. 
(iii) RESULTS . 	The times between cleavages for 
the nine experiments are shown in Table 12. 
The times from fertilisation to the first 
cleavage show the same general trend as before. It 
is iit1rei3t1ng to note that the results obtained by 





Fijre22. 	The constant temperature water jacket. 
The water circulating through the outer 
chamber comes directly from the thermostat-
ically controlled water bath in which the 
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Table 14. 	Measurements of the time from fertilisation to first cleavage (F-i) and 
between the subsequent cleavages (1-2, 2-3) for batches of sea urchin eggs 
developing in see water buffered at pH 8.00t0.05p1 units with Tris.buffer. 
70 
at 7.9 in the experiment in Figure 28 did not occur 
consistently but this point would be worth further 
invesiga'bi on. 
We have now established that changes in the 
pH do affect the rate of develop;aeiit and that the 
developing eggs cause a 1oerin of the pit of the 
sea water in poportin to the nurither of eggs pres-
ent. 	This thu.a ould be the cause of the decreased 
rate of davelopLnsnt at the highest densities and in 
the later c1viges. 	Several experiments were 
therefore done on batches of eggs of differing den- 
sity, developing in buffered sea water. 	The results 
of these experiments are given in Table 14 and one 
of them (Expt. 1) is ai-wn graphically in Figure 29. 
It is curious to note that only one of these 
(;xpt. 3) shows an optimal density (and even then 
at a rather low value) even in the first cleavage. 
Three control experiiaents using unbuffered sea water 
under the same conditions all showed an optimum in 
the first cleavage (Expte. 5, 6, 7, Table 12). 
These experiments are too few to draw any 
firm conclusions on this point. 	What they do show 
however is that even ihen buffered at a pH near that 
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of ordinary sea water the highest densities of egg 
suspension still show a slow rate of development 
when compared with the lower and medium densities. 
Also, the progressive slowing with increase in den-
sity Is still shown in the later cleavage. 	There 
is no obvious difference in the angle of the slope 
when compared with the unbuffered controls. 	There- 
fore, although lowering of the pH may be to some 
extent responsible for the retardation it is not 
the complete explanation. 	The slight improvement 
in pHs just below that of normal sea water (pH 7.9) 
noted in some of the experiments together with the 
observation that most of the experiments using buf-
fered sea water did not show an optimum density 
indicate that a further investigation of this point 
must be aade before we can firmly attribute the ac- 
celeration to the action of a more specific substance. 
(b) The Effect of Temperature Changes on Rate of 
Development. 	In preliminary experiments it was 
found that changes of temperature had a profound 
effect on the rate of development of these eggs. 
It was for this reason that care was taken to see 










12 	 13 	 14 	 15 	 16 
TEMPERATURE (°c) 
The effect of temperature on the tiio 
taken by batches of the eggs of E. escu-
lentus to reach first cleavage. 	This 
line represents a QIC of apro:: 0 .9. 
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subject to the same temperature. Figue 30 shows 
the relationship between the temperature of incuba-
tion of the eggs of E. esculent and the time taken 
to reach the first cleavage. 	These figures are 
the average of the mean time values for the experi-
ments described in the section D. 	It can be seen 
from this figure that an increase of 1 0  C. will de-
crease the time taken to reach first cleavage by 
approximately 11 minutes (a Q10 of approximately 
0.9). 	The observed differences in time to reach 
cleavage were of the order or two to three minutes. 
These differences could therefore be explained by 
differences of temperature between the dishes of 
the order of 0.2 0.0  C. 	The question is 
did such differences exist and are they responsible 
for the observed results? 
The production of heat by Arbac eggs is 
discussed by Rogers and Cole (1925). 	It can be 
concluded from their paper that it would take 
1 x 106 developing eggs to raise the temperature 
of 6 ml. of water 0.10  C. in 1 hour. 	The densities 
of eggs used in the present experiments could there-
fore not have caused an appreciable rise in the 
73 
temperature of the water during the course of the 
experiment. 
In none of the temperature control experi-
ments was the apparatus used ziiore sensitive than 
± 0.20  C. 	The temperature would undoubtedly 
cycle between these limits. 	This should not make 
any difference so long as all the vessels are at 
the same temperature at the same moment. 	In none 
of the experiments could such differences be detect-
ed but it is not impossible that they did exist in 
some cases. 	It seems possible that some of the 
odd results could be attributed to extremely small 
differences in temperature. 	It is unlikely however 
that the consistency shown by the majority of the 
results could be caused by fortuitous gradations 
of temperature. 
To summarise the first part of this discus-
sion then - there are certain differences between 
the first cleavage and the subsequent cleavages but 
we have not any evidence that it is for this reason 
that we find the mutual accleration in this cleav-
age only. 	Both lack of oxygen and lowering of the 
pH tend to slow the development of the eggs. 	These 
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two factors and perhaps others not considered could 
be responsible for the retardation in the highest 
densities of eggs and for abolishing the accelera-
ting effect in the later cleavages. 	Differences 
of temperature of a very small order could introduce 
considerable variability into the results but it is 
unlikely that these could have occurred in such a 
way as to produce the present results. 
(iii) THE MUTUAL ACCELERATION EFFECT. 	Let 
us consider what improvements of the degree of syn-
chrony or of the rate of development could mean. 
If it was found that in a dense batch of eggs the 
mean time to reach first cleavage was shorter than 
in a less dense batch of eggs and that the scatter 
of the cleavage times was exactly the same this must 
mean that all the eggs have been accelerated by the 
same amount. 	One can readily visualise an action 
of this sort. 	If the degree of synchrony is im- 
proved without altering the mean time it can only 
mean that the eggs which would have cleaved early 
have been delayed while those eggs which would have 
cleaved late have been accelerated. An action of 
this sort would be difficult to explain in terms of 
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Inter-cell effects. 	The third possibility is that 
the rnean time is reduced and the synchrony improved 
at the same time. 	This would happen if the eggs 
which would have cleaved early are accelerated little 
or not at all while those which would have cleaved 
late are considerably accelerated. 	In the present 
experiments we certainly have a reduction in the 
mean time of cleavage. 	It was also shown that there 
was some slight tendency for the degree of synchrony 
to improve as the mean time was reduced. 	Our results 
would therefore seem to fit the first or possibly the 
third case. 
Measurements of th' rate of cleavage and how 
It is affected by the number of cells present are 
fairly commonly recorded, but I have not been able to 
find any measurements of the synchrony of cell divi-
sion as it is related to the number of cells present. 
The first suggestion that dividing cells might 
influence adjacent cells seems to have come from 
Robertson (1921). 	His views are summarised in his 
book (Robertson 1923). 	He found that the rate at 
which -co lpidiwa and Enchyli.s divided was greater 
when there were two individuals present than when 
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there was only one, in the same volume of water. 
He explained the effect by suggesting that during 
division a substance was released which accelerat-
ed other cells; 	the titers cells there are there- 
fore the greater should be the rate of division. 
This phenomenon was called "allelocatalysis". 
His work provoked an argument that lasted for twen-
ty years and even then did not have a satisfactory 
conclusion. 	The beat reviews of this work, some 
supporting Robertson and some attacking him, are 
by Jahn (1934), Allee, Emersen et al. (1949, p. 357) 
and Richards (1941). 	It seems now well accepted 
that a result such as Robertson's is experimentally 
possible, but as Jahn shows very clearly many fac-
tors must be considered before one can accept Robert- 
son's explanation of allelocatalysis. 	Slight dif- 
ferences of teiperature, redox potential, pH, etc. 
could all influence the result. 	Perhaps in the 
case of protozoa the most important factor is the 
interrelation with the bacterial flora. 	Much of 
the earlier work is made invalid when one considers 
it in the light of these facts. 	More recently how- 
ever Marbarger (1943) 9 Pace (1944) and Mast and 
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Pace (1946) have shown that there is an optimal 
density for rapidity of division in Colpidiwi and 
Chilonion&a even whcn these organisms are groan in 
sterile synthetic culture media at controlled tem-
perature and pE. 	Those workers favour the v1rw 
that the organisms are conditioning the medium in 
some way. Mast and Pace believe that the effect 
Is due to a specific "growth promoting substance" 
and go some way towardt identifying It. 
Allee and Evans (197) found that the rate 
at which the eggs of the sea urchin Arbtc1g punotu-
1at cleaved was greatest at an optimal density. 
A similar observation was made on frog eggs by :er-
win (1945). 	The conclusion is that a cell division- 
promoting substance released by the eggs causes the 
mutual acceleration, 
A great deal of evidence has been amassed 
indicating that embryos and some adult tissues con-
tain substances which promote growth or cell divi-
sion or both. 	:vlOSt of this work has been done on 
tissue culture material and is fully reviewed by 
Jillmaer (1954, p. 59). 	The general impression Is 
that while the phenomenon Is probably coplex and 
may not depend on one single principle, the nuoleo-
proteins in the cell division-promoting tissue ex-
tracts play an important part. 	Cell division- 
promoting substances have also been reported In 
plants. 	The auxins while mainly affecting growth 
are claimed to have some effect on cell, division 
(Olson 1956 and Thimann  152, p.  54). 	i1i1lD et 
,. (1955 a and b) have isolated from degraded DNA 
a substance which they call t'ktnetin' which has a 
stiuiulatory effect on the eell division of plants. 
They have also synthesised this substance, 6 fur-. 
furylanilnopurine, and found that the synthetic sub-
stance in just as active as the natural one. 
Extracts of sea urchin embryos have also been 
shown to have a stimulatory effect on cell division 
(Peebles 1929, Allee and Finkel 1939 and Allee and 
Evans 1942). Ailee and Finkel claim that their 
ethanol extract of Arbacia eggs has a stimulatory 
effect on cell division of these eggs, in dilutions 
down to one part in 2 x 1011  parts of sea water. 
It seems quite clear therefore that there 
does exist in coils a substance or substances cap-
able of accelerating cell division. 	The important 
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point to decide now is whether or not this substance 
can leave one cell and influence an adjacent cell. 
As already pointed out a great deal of the work 
done to determine whether or not this was so, has 
not been critical enough to come to any firm con-
clusion, but the indications are that this Inter-
cellular influence does occur. 
In the present experiments we have found an 
acceleration in the majority of experiments at the 
first cleavage only. 	Most of the factors which we 
have considered tend to retard rather than accelerate 
the rate of division. 	Very small increases in tem- 
perature could cause an acceleration but it is tin-
likely that they could occur in such a way as to 
produce similar results by several different methods. 
We have noted that a very slight decrease in the pH 
could possibly have some accelerating effect. ; ,., hether 
it is due to this effect or the release of a more 
specific cell division-inducing substance we can 
conclude that dividing cells do influence the divi-
sion of other cells in such a way as to accelerate 
the division when an optimal number of cells is 
present. 	We shall consider the possibility of a 
more specific accelerating substance later (see 
p. 87). 
(iv) SYNCHRONY. 	Although the demonstration of 
any mutual influence between cells has a direct 
bearing on the present discussion these experiments 
were primarily carried out to determine whether or 
not there was a tendency for the divisions of large 
numbers of eggs to become synchronised. 	We have 
failed to show convincingly that this was so. 	We 
have noted that many other types of cells do tend to 
divide synchronously. 	Why then should we have 
failed to show it in this case? 	It seems likely 
that two main factors are involved. 	First, the 
fact that a liquid medium separates the eggs will 
tend to favour an accelerating effect rather than 
a synchronisin.,r effect (see P. 86). 	Secondly, the 
fact that sea urchin eggs have a reserve supply of 
DNA may have a direct bearing on the results. 	This 
point is considered more fully on p. 88, in the light 
of the discussion in the preceding section. 
5. 	GENERAL DISCUSSION AND SPECULATION ON 
NATURAL SYNCHRONOUS CELL DIVISION. 
We have now considered the occurrence, in 
cells in general, of inter-cell effects which 
could cause the division of cells to become accel-
erated or synchronised and we have also analysed 
one particular case in detail. 	From the general 
consideration it seems clear that mutual effects 
of both kinds occur fairly frequently and there 
are certain facts which suggest a possible explana- 
tion for the phenomenon. 	In the case of sea urchin 
eggs we have shown that an inter-cell effect does 
cause mutual acceleration, but little or no effect 
on the synchrony of division was demonstrated. 
Let us now consider all the evidence in a 
general way in an effort to understand the nature 
of these inter-cell effects. 
We have concluded that nuclear divisions oc-
curring within one mass of protoplasm are always 
synchronised. 	Since the mechanisEn of the normal 
control of nuclear and cell division is not well 
known it is difficult to speculate on how this syn- 
chronisation could be effected. 	Koller suggests 
that there is a degree of competition between the 
nuclei of cells and possibly groups of cells for a 
substance essential for division. 	The inference 
Is that this is a nucleic acid or its immediate 
precursor. 	1 hen a cell accumulates a certain 
amount of this substance it will divide or at 
least It Is ready to divide. 	If however an ad- 
jacent division centre is also taking up this subs-
tance, and is at an earlier stage in the cell cycle 
than the "charged" or nearly "charged" cell, the 
latter will be obliged to give up some of the mate- 
rial to the former. 	In this way all the cells 
would reach the division state at or about the sane 
time. 	Alternatively one could suppose that all 
the nuclei reach a state where they are capable of 
division but do not divide until a particular chemi-
cal or physical change takes place in the cytoplasm. 
If there are no cell membranes to pass, this will 
affect all the nuclei at almost the same moment. 
This second condition Is more likely to give a high 
degree of synchrony, but, for example, in eisz'S ex-
periments It alone could not account for the extreme 
acceleration of the grafted cell. 	Some degree of 
mutual 00-operation or competition must therefore 
come into play. 	If we combine these two suggestions 
we get a iypothesia which could explain many of the 
inter-cell effects. 	\hen a group of adjacent 
cells is oreparing for division there is a certain 
amount oi' competition between these for a material 
essential for division. 	The extent of thuis compe- 
tition (or co-operation) in dependent on the extent 
of the barrier between the cells, 	In this way all 
the cells reach a state in which they are capable 
of division at approximately the same time. 	When 
one cell divides it sets off a "release mechanism" 
which again may pass from cell to cell to an extent 
depending on the barrier between the cells and initi- 
ate or accelerate division in other cells. 	;,here 
the delay between cells is slight these two mechanisms 
could bring about almost perfect synchronisation. 
Where the barrier is great the effect will be shown 
by an acceleration particularly of the cells which 
would normally have divided later. 
In the groups of cells where protoplasmic 
continuity has been suggested by means of proto-
plasmic bridges, namely tissue culture cells and 
dividing eggs these mechanisms would act exactly 
as in a syncytium if the bridges do in fact exist. 
In dividing eggs the situation would be slightly 
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different because of the larger anount of DNA In 
the eggs. 	Here the mutual assistance factor would 
be of much less importance since each nucleus would 
for a time be able to get as much DNA as was requir-
ed from the cytoplasm. 	The synchronisation would 
then depend only on the spread of the release mechan- 
ism. 	This fits in well with the observations on 
the synchrony in the two separated halves of an em- 
bryo. 	The loss of synchrony when the DNA runs out 
seems to indicate that no 4utual competition for 
DNA occurs between the cells whether or not they 
are joined and that the release aaechanisn alone is 
not sufficient to continue the synchronisation. 
The asynchrony could however be a reflection of the 
differentiation of the cells (note for example the 
slow divisions of the riiicrorueree). 	Dependence on 
the release mechanism alone could explain the per-
fect synchrony in the early syncitial stage of the 
development of the insect egg. 	These too, are 
rich in DNA.. 	Here tb2 lose of synchrony coincides 
with the formation of the cell iembrenes. 	This 
could indicate that the synchronising mechanisms can 
not act through these menbranes but It could again 
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be due to the onset of differentiation. 
When we come to consider the cells where there 
is no suggestion of protoplasmic continuity, this pro-
blem of the passage of materials through the cell mem- 
branes becomes acute. 	We have seen in the experiments 
of Sax and of Barber definite evidence that a synchro-
nising mechanism can act through the cell membranes. 
In addition to this we have the evidence that the de-
gree of synchrony is well correlated with the extent of 
the barrier between the cells. 	It seems then that the 
synchronising mechanism can pass from cell to cell but 
that it encounters more resistance than it does when 
passing from nucleus to nucleus within the one mass 
of cytoplasm. 
In other cell which are in contact with each 
other and which show synchronous division we can again 
explain the phenomenon in terms of co.petit1on between 
cells for an essential material or a spread of a re-
lease mechanism from cell to cell or both. 
Where the dividing cells are not in close con-
tact with each other but are separated by a liquid 
medium the issue is complicated by the interaction 
between the cells and the medium. 	If a substance 
is released from the cell it is a simple matter 
for this substance to enter a contiguous cell with 
a lower concentration of that substance. 	Where 
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however a liquid izedium separates the two cells 
the substance will become dispersed in th'- medium 
and considerably diluted. 	EVCn if the cells can 
take up this substance from the medium actively 
against a gradient, the process of transfer will 
be considerably slowed. 	Obviously the more cells 
there are in the medimn thc quicker will be the 
rise in the concentration of the substance, the 
quicker cells will cece to lose it and the quicker 
other cells will be able to absorb it, 	The Inocu- 
lation uhenomena described on page 14 could be ex- 
plained in this way. 	It should be noted that the 
material in the medium will net to a certain extent 
as a buffer, eliminating direct competition between 
the cells. 	The overall effect therefore would be 
an increase in the rate of division of the cells 
when there are more present but little effect on 
the synchrony of the divisions  compared with cells 
which are directly in contact. 	The synchronising 
tendency is still there and over a number of gene-
rations it could make itself felt; this will always 
be opposed by the variability ci the .rer1eration 
times so that the degree of synchrony can never be 
marked. 
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We can speculate further on the nature of 
these two synchronising systems. 	Koller suggests 
that the material for which there Is mutual competi- 
tion Is probably DNA. 	The bulk of evidence seems 
to support his view. 	From experiments on the trans- 
formation of pneumococous we can be fairly certain 
that DNA or a natcrIal from which it can be easily 
synthesised can pass Into the cell. 	This Is sup- 
ported by the building up of DNA in pollen grains 
and egg cells by the adjacent oeil. 	Cells which 
have an excess of DNA tend to be synchronous; this 
Is fairly good evidence that the supply of DNA Is 
one of the limiting factors in division. 	The work 
of Malmgren and Heden on the DNA content of lag 
phase cells supports this view that DNA 18 important 
in this process. 
We can also speculte on the nature of the 
release mechanism. 	Weisz suggests that the syn- 
chrony induced In the grafted Stentor could be due 
to the spread either of a chemical substance or of 
a protoplasmic orientation from the dividing cell. 
These two suggestions could be interdependent. 
Mazia (1955) has suggested that after a general 
linking of -SH groups has caused the formation 
of an unorientated gel the diffusion of some sub- 
stance from the division centres causes the orienta-
tion of the molecules in this gel into the corifigu-
ration of the achromatic figure. 	Mitchison (1952) 
also suggests that the diffusion of a substance from 
the division centres could be involved in the mechan- 
ism of cleavage. 	One could also imagine that the 
triggering off of this diffusion could. be  linked 
with the emptying of Swann's division reservoir. 
There are at present no Indications of what this 
substance could be. 	This could explain the pheno- 
mena in syncitia or in cells in protoplasmic con- 
tinuity with each other. 	To account for the ef- 
fects observed in cells not joined or even separated 
by some distance one must postulate that this sub-
stance can not only diffuse through the cells but 
also out of them and can be taken In and utilised 
by other cells. 
Consider now the situation in a batch of 
simuiarIeour!i - fertilioc 
 
en urchin eggs In the 
light oi thin. h;:theei. 	Theee egge huve mitt- 
ally an excess of DNA. 	It is possible that some 
of this is lost to the surrounding water. 	Obvious- 
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13r the more eggs there are present the quicker an 
equilibrium would be set up. 	It seems unlikely 
however that this loss could influence strongly 
the rate at which the nuclei could prepare for di- 
vision in view of the large excess of DNA. 	The 
mutual competition therefore probably plays little 
part in the acceleration of sea urchin eggs. 	This 
means that the acceleration observed, must depend to 
a large extent on the effect of the release mechan- 
ism. 	This however should also have a fairly pro- 
nounced effect on the synchrony of division. 	As 
we have noted there is no striking synchronising 
effect. 	The results of the sea urchin experiments 
are thus difficult to interpret in terms of the 
proposed hypothesis unless we suppose that he rate 
at which the nuclei can prepare for division is af-
fected by a mutual competition in spite of the large 
excess of reserve material. 	It is not possible 	on 
the present evidence to speculate further on this 
point. 
-0-0- 
III. THE IiDtJCTION OF SYNCHRONOUS 
CELL DIVISION. 
1. INTRODUCTION. 
Naturally occurring synchronous cell divi-
sion, though interesting in itself, is found, in 
most oases, in material not readily accessible to 
experlinenta]. techniques. 	The case of developing 
eggs is, of course, an exception but the stores of 
reserve materials found in most eggs render a chemi-
cal investigation of their division process much 
less valuable than it would otherwise have been. 
The same objection can be levelled against work 
on pollen grains. 	In m1cro-organ1s1s the observed 
natural synchrony is not nearly perfect enough to 
be of use in large scale chemical experiments. 
Micro-organisms do seem however to be a material 
which could readily be used for such studies. 	If 
the natural synchrony could be enhanced so that in 
a large number of cells periods of active cell di-
vision werE followed by periods during which no 
cell division occurred, a great deal might be learn-
ed of the underlying chemical processes. 	It 
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might also be possible to use such a synchronised 
culture to help in the investigation of the occur-
rence of natural synchrony. 	It was for these 
reasons that the following series of experiments 
on the induction of synchronous cell division was 
carried out. 
In recent years a number of ii ivestigations 
of this sort have been made. 	The basic reason 
for carrying out these experiments was the same in 
each case, namely to obtain dividing cells in suf-
ficiently large quantity to allow a detailed study 
of the processes involved in cell division. 	A 
short review of this work will make the interpre-
tation of the following results much easier. 
To produce a series of waves of cell division 
it is necessary to have initially a population of 
cells all at the same stage in the cell cycle. 
There are two ways of producing such a population. 
One can either separate the cells In a particular 
stage from the others, or inhibit the cells in 
such a way that all are held at the same stage of 
the cell cycle. 
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gita (1954) and Maruyama and Yanagita (1955.1956) 
have succeeded in separatinç fairly uniform frac-
tions of leoberschia coU (strain B) by a process 
of differential centrifugation. 	These fractions, 
on inoculation into fresh tneditzn, showed a stepwise 
increase in population. This technique though 
fairly succestu1 in establishing synchronous cell 
division has the disadvantage of being rather dama- 
ging to the cells. 	The same workers have develop- 
ed another separation technique for the same organ- 
lamp using differential filtration. 	The filtrate 
contains the smallest cells and these on inocula-
tion give a stepwise population increase after a 
delay of about thirty r4nutes. The largest cells 
from the topmost filter paper give a series of 
synchronous divisions lasting about three genera- 
tions (Fig. 31), 	is process is much less dama- 
ging to the cells and is undoubtedly one of the 
best methods of establishing synchrony. 
By taking a large nu'ther of cultures of 
Amoeba and selecting by hand the dividing cells, 
Prescott (1965) obtained a fairly synchronous wave 
of divisions. However Swann (1957) has developed 
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amore efficient technique. 	Non-dividing Amoebae 
adhere to the glass walls of the containing vessel, 
but the dividing ones which do not adhere may be 
selectively thrown into suspension by a gentle 
agitation of the vessel. 	On subculturing these 
cells divide fairly synchronously. 	Neither of 
these methods gives large numbers of dividing cells, 
nor is the synchrony very precise. 
All these separation methods do have the ad-
vantage over the other techniques that the cell 
metabolism has not been tampered with and it is 
therefore fairly safe to assume that the cells be-
have in a normal way on reinoculation. 
(b) Inhibition Techniques. 	The growth and di- 
vision of cells can be inhibited by interfering with 
either their chemical or their physical environment. 
First let us consider the chemical environment. 
The cessation of growth and cell division 
of micro-organisms in an ordinary culture is usual-
ly caused by the exhaustion of one particular nutri-
ent. 	If one could identify this substance and add 
it to the medium after growth had ceased it is quite 
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E.coli (strain 15T) requires thymine for division 
(Barrier and Cohen, 1955, 1956). If the cells are 
grown in a th'mine-free medium, synthesis is unbal-
anced and the cells fail to divide. If left in 
this medium the cells soon die. 	If however thyiiine 
is added after a period of about thirty minutes, a 
wave of divisions, Involving almost one hundred per 
cent of the population, follows after about thirty 
minutes. 	Twenty iriinutes later another wave occurs 
and so on for four cycles (Fig. 32). 	This tnethod 
has the advantage over other inhibition techniques 
in that the underlying mechanism is known. 	It Is 
almost certain that thytaine deficiency causes a 
differential inhibition of the synthesis of desoxy-. 
ribonucleic acid. 
The other possible chemical means of induc-
ing synchronous cell division is by the use of nil-
totic inhibitors. 	Zeuthen and Soherbaum (1954) 
have tried, unsuccessfully * to do this with the 
folic acid antagonist, aminopterIn, on the ciliate 
protozoan Tetrabymena. 	My own partially success- 
ful attempts will be described later. 	No wholly 
successful attempt is on record. 
UIV 
Concerning physical methods of inducing 
synchrony, Lea (1955) points out a possible way 
or synchronising cell division by means of ionis-
ing radiations. 	Cells irradiated at a particu- 
lar level are temporarily prevented from dividing 
without being apparently affected in other ways. 
As recovery sets in a large number of cells divide 
simultaneously. 	This observation seems to be 
worth further investigation. 
Most of the work on the induction of syn-
chronous cell division has concerned the effect of 
temperature shifts on populations of dividing cells. 
In 1928, Spear induced a rather low degree of syn-
chrony in tissue culture cells, by means of a cold 
shock (4 hours at 0•50 C.). 	In view of the more 
recent work these experiments would be well worth 
repeating. 	This is particularly true since the 
recent work has all been done on organisms with an 
abnormal nuclear apparatus or whose nuclear struc-
ture is not known. 
James (1953) partially synchronised a clone 
of Amoeba j2roteus by cycling the temperature between 
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of James and of each other, Hotchkiss (1954) and 
Scherbau!n and Zeuthen (1954, 1955) evolved techni- 
ques for the synchronisation of pneumococcus and Tetra-
hymen a respectively. 	A single shock at 250  C. for 	15 
minutes synchronises the cell division of pneurnocoocus 
(normally grown at 370  C. for several cycles (Fig. 33). 
Although both single heat shocks and single cold 
shocks give some result with Tetrahena, Zeuthen 
and Scherbautn found the most effective treatment to 
be a series of short heat shocks. 	The temperature 
was cycled between 260  C. (the optimum) and a sub-
lethal temperature (340 C.) giving 30 minutes at 
each temperature, for a period of 6 - 10 hours. 	Af- 
ter shocking had ceased waves of cell division oc-
curred showing successively 85 , 83 ., and 64 of 
the cells dividing at one moment (Fig. 34). 	As far 
as cell division, as distinct from nuclear division, 
is concerned, this is undoubtedly the best that has 
been achieved. 	The effect of the shocks on the nu- 
cleus is still a matter for some debate (see p. 121 et 
If the temperature of a culture of Salmonella 
yhimuriurn is suddenly changed from 250 C. to 370  C. 
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few minutes (Lark and MaalØe, 1954). If the tem- 
perature Is again reduced to 260  C. and the process 
repeated a bettor degree of synchrony is obtained. 
This may be repeated for two further cycles getting 
abetter synchrony each time (Fig. 35), 	B Ao&ljge 
-gat heA%L  W, may also be synchronised by means of 
temperature shocks (Hunter-Uzybalska, Szybaleki 
and DeLamatar 1958). If grown at 340  C. and then 
exposed to 120  C. for thirty minutes those bacilli 
divide synchronously for about four cycles on return 
to 34 C. (Fig. 36). 
The relative merits of those techniques us-
lug temperature shocks is difficult to assess since 
the effect of these shocks on cell division is not 
at all well known, This point will be dealt with 
in the discussion. 
The following account gives details of at-
tempts to synchronise the cell division of 
iobe by means of chemical inhibitors and by tern-
perature shocks. 
_• 	EIIMJNS - WITI1QJEt4IQAJ4 IIJIQR. 
(I) irRoDucTIoN. 	Since there are many substances 
which will inhibit cell division without killing 
the cell it seems theoretically possible that a 
synchronous wave of divisions will follow release 
from chemical inhibition. 	Many inhibitors are 
totally or partially irreversible and are therefore 
of little use in experiments of this kind. 	Only 
those which are reversible to a fairly high degree 
will be considered. 
The processes involved in cell division are 
not well known and it is usually very difficult 
therefore to determine the mode of action of the 
inhibitors. 	Certain substances do, however, at- 
tack a specific point in the cell cycle. 	Obvious- 
ly this has a great advantage for the present pur- 
pose over a non-specific inhibitor. 	Ideally such 
a substance would have to block the replication of 
the chromatin material at some stage. 	A coichicine- 
like action on the spindle, preventing the separation 
of the daughter chromosomes would not necessarily 
give the desired effect, since continued production 
of chromatin would give polyploid. nuclei. 	Similar- 
ly substances which inhibit cleavage and leave nu-
clear division unaffected must be considered care- 
MI 
fully as they would give polyploid or multinuoleato 
cells. 
The problea of the interrelationship between 
growth and cell division must also be borne in mind. 
An inhibitor may affect growth or division or both 
and to a certain extent the establishment of syn-
chrony must depend on this point. 	If cell, division 
is inhibited at a specific point and growth is af-
fected at the same moment the condition of the cells 
would be favourable for the production of a wave of 
synchronous divisions on release from inhibition, 
but this depends on growth and division being inter- 
dependent at a particular point. 	Growth may con- 
tinue after the inhibition of cell division, in which 
case cells larger than nornial would be produced. 	It 
is possible that this increase in size would favour 
the simultaneous division of cells on release from 
Inhibition since the division would then not be de-
pendent on growth and also a series of divisions 
would be necessary to restore the normal nucleo- 
cytoplasznic ratio. 	If cell division continued af- 
ter growth had ceased, It would seem likely that a 
population of small cells incapable of further divi- 
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alon would be produced. It would be pointless to 
speculate on what would happen when such cells were 
released from inhibition. 
Thus the ideal agent for establishing syn-
chrony would bc a reversible inhibitor acting at 
a specific point In the nuclear cycle and affecting 
growth at the same moment as cell division. 	Since 
there is no record of any such substance, Investi-
gation was directed towards compounds with a high 
degree of reversibility and some degree of speci- 
ficity. 	After a study of the relevant literature, 
three substances were chosen for the first attempts, 
namely urethane, chioral hydrate, and adenosine-5- 
phosphoric acid (AMP). 	The two narcotics were 
chosen for their reversibility and their partial 
specificity. 	AMP was chosen because of its speci- 
ficity in blocking cell division at the preprophase 
stage (Hughes 1952). 
(ii) METHOD. 	Schiz. pombe was used in all these 
experiments. The cultures were grown in the way 
described on page 6 with the following modifica-
tions. The cells were grown In centrifuge tubes 
containing 10 ml. of the culture mnediumu, and kept 
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in a water bath at 27.5 C. ± 	C. 	Experiments 
were carried out on approximately 16-hour cultures 
i.e. on exponentially growing cells at a density 
of between 5 and 10 x 10 cells per ml. 
Samples were taken at 15- or 30-minute in-
tervals for a short time before the addition of the 
inhibitor and the division index calculated. 	The 
cultures were then centrifuged gently (750 revs, per 
rain.) for four minutes; half of the supernatant 
fluid was drawn off and replaced by an equal volume 
of a solution of the inhibitor in wort broth at 
double the desired final concentration. 	The cul- 
ture was then replaced in the water bath and samp-
ling continued for the required period of inhibi- 
tion, 	The cultures were then centrifuged again in 
the same way,  the entire supernatant removed and re- 
placed by distilled water. 	This process was repeat- 
ed once. After a third centrifugation the cells 
were resuspended in fresh wort broth and replaced 
in the water bath. The whole process took about 20 
minutes. 	In most of the experiments the washes 
were carried out with distilled water at the same 
temperature as the culture to avoid a temperature 
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Figure 37. 	The effect of different concentrations of urethane 
on the cell division of Schiz. pombe. 
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shock. 	Later experiments showed that a tempera- 
ture shock of this duration would have little or 
no effect on the cells. Sampling was continued 
for at least three hours after return to the nor-
mal conditions. The division index was plotted 
against time. 
(iii) RESULTS AND DISCUSSION . 
(a) Urethane. 	Pi8her Fisher 	 and Stern (1942) have 
shown that 2 - 3 % urethane produces a 30 	re- 
duction in the respiration of yeast and also in- 
hibits cell division at 200 C. 	An initial experi- 
ment based on these figures showed that 3.0 % ure-
thane inhibited cell plate formation in Lchiz. pornbe 
almost completely and that cell plates reappeared 
in the culture fairly soon after its removal (Fig. 
37). 	Concentrations down to 2.0 	produced some 
delay while 1.0 	apparently had no effect. 	4.0 
urethane inhibited division but the cells showed no 
signs of recovery three hours after its removal. 
The cells exposed to 4.0 	and some of those ex- 
posed to 3.0 % urethane showed considerable vacuola-
tion but this was later shown to be not necessarily 
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culture exposed to 3.0 	urethane was composed 
largely of small cells. 	Further experiments were 
carried out varying the concentration of urethane, 
and the duration of application in an effort to pro- 
duce an improved wave of divisions. 	The best re- 
suit was obtained by applying 3.25 % urethane for 
4 hours (Fig. 38). 	Higher or lower concentrations 
and longer or shorter periods of application railed 
to Improve on this 30.0 % wave of divisions. 	It 
can be calculated that although the number in divi-
sion at any one moment was never higher than 30 % 
the wave of divisions involved almost the entire 
population of cells. 
There are several points to consider. 	"he 
production of small cells certainly Indicates that 
the urethane affected growth, and probably that it 
did so before it affected cell division. 	This view 
is supported by the fact that after the removal of 
the urethane a long period, during which considerable 
growth occurred, elapsed before the recommencement 
of cell division. 	However, since the wave of divi- 
sions produced was higher than the normal division 
index some "piling up" of a particular division stage 
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must have occurred. 
A considerable amount is known of the mechan-
ism by which urethane exerts its effect (see review 
byGornrn.an 1954). 	It is fairly generally accepted 
that its main action is the blocking of the cellular 
dehydrogenases. 	Since this would block the respira- 
tory pathways it is not surprising that the inhibi- 
tion is fairly general. 	Urethane however has a 
variety of effects on living cells; one of these 
is a tendency to inhibit metaphase selectively (Nam-
bier 1955). 	.'e do not know whether or not these 
cells divide by orthodox iitosis but it is not un-
reasonable to suppose that urethane can inhibit the 
nuclear cycle specifically at some stage as well as 
exert a general narcotic effect by blocking aerobic 
respiration. 	Vie must suppose that at the concentra- 
tion used the general inhibition was not instantane- 
ous, thus allowing the "piling up" to occur. 	On 
release from inhibition., many of the cells were in 
approximately the same stage and after a period to 
allow growth and possibly the build-up of division 
materials these cells divided together or nearly 
together. 
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Thus although these experiments were not en-
tirely successful they do give the hope that syn-
chronisation of division byieane of chemical in-
hibitors would be possible. 	Keeping in mind the 
great variability of the generation titrie, the period 
of growth that elapsed before the divisions started 
could have caused a considerable spread in the di.-
vision tiics, even of cells which started from the 
same point. 	It would therefore eeeu desirable to 
use an inhibitor which ;ive 	 or long 
oellt. 
(b) 	 Fisher and Henry (144) 
using sea urchin c6gn found that chloral hydrate 
acts in the same way as urethane in blocking cell 
division, 	e effective concentration used was 
0.0045 14 chloral hydrate. 	This concentration had 
no effect on Sohipobe but it was found that a 
2. % solution (approx. 0.06 14) did block cell dlvi- 
sion. 	Its effect was much the same as that of 
urethane. The highest degree of synchrony, which 
was produced, was rather poorer than with urethane 
(Fig. 39). 	These experiments confirm the similar- 
ity between the effects of urethane and chloral 
hydrate. 
(a) 	en0Bi,ne..5..phoaph9r1 a Acid (ALP) • 	Adeno- 
sine and the adenylic acids inhibit the entry of 
tissue culture cells into prophase in concentra-
tions between 0.6 and 1.2 mM (Hughes 1952). This 
effect is totally reversible. 	Concentrations of 
up to 4.0 mM had no apparent efiect on the division 
of Sohiz, ponabe. 	These experiments were not pur- 
sued further since it seemed likely that the inhi-
bitor was not entering the cells. AMP and its 
allied coiipounds might be eztreuely useful for in-
ducing synchrony in other material, since they are 
among the very few known reversible inhibitors af-
fecting a specific stage of cell division. 
(d) Other Inbtprs. 	The effects of a number 
of mitotic inhibitors reputed to inhibit ccll divi-
sion selectively were tested on Schiz, pomb. Dif-
ferential inhibition of cell division should pro-
duos long cells. This was thought to be the con-
dition uost likely to produce a synchronous divi- 
sion on release from inhibition. 	Ten aerial (1 in 
2) dilutions of a solution in wort broth of the 
substance under test were used; the concentrations 
were selected to ao to give the reported minimal 
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concentration in the fifth tube. 	Of the 13 in- 
hibitors tested, none had the effect of producing 
long cells; 5 inhibited both growth and division; 
8 had no effect at all at the concentrations used. 
Those which inhibited growth and division were: 
acriflavine (minimal cone, of 15 mg./ i.), methyl 
violet (0.05 2  of a saturated alcoholic solution), 
mercuric chloride (3.7 x 10 	), lead nitrate 
(1.2 x 10 M) and barbitone (3.31 gm./ 1). 
Those which had no effect were 1.4 naphthoquinone 
(maximal concentration 1.92 x 10 M), tteynkavitett 
(1.92 x 10-5 M), cobalt acetate (2..3 x 10 .2 
nerubuta]. (9.4 gm./ 1.), cocaine (sat. eoln.), caf -
feine (4 gm./ 1.), penicillin (1000 unite / ml.), 
and sulphoni].arnide (sat. soin.). 	Some of these 
results are surprising as other workers have fbund 
these substances to inhibit cell division complete- 
ly without affecting growth. 	The most striking 
effects are reported for acriflavine (Loveless et 
., 1954); methyl violet (Lodge and Hinsheiwood 
1943); cobalt compounds (Nickerson and Van Rlj 
1949); and lead compounds (Haxnrnett 1929). 
The search for a suitable mitotic inhibitor 
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was not pursued any further since experiments with 
temperature shocks seemed to be producing better 
results. 
3. THE EFFECT OF TE1PE1UR SHJCKS. 
These experiments were originally based on 
the work of Zeuthen and 3cherbaum described earlier. 
They are divided roughly into three groups, namely, 
experiments with intermittent heat shocks, those 
with single heat shocks, and those with cold shocks. 
METHOD. 	The usual culture techniques were 
used. 	The temperature was altered by transferring 
the culture from one water bath to another. 	This 
gave a rapid change of temperature. 	If a gradual 
alteration was desired the change was effected by 
switching from one thermostat to another in the same 
water bath. 	Since in this case the fall in tem- 
perature was much slower than the rise, the heating 
coil was made to work against a cooling coil or a 
circulation of cold water. 	Under these conditions 
the change in both directions took about 10 minutes. 
RE S ULTS . 
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The population increases of seven 
identical sub-cultures of Schiz. porii 
at different temperatures. 
preliminary experiments it was decided that 41.50  c 
was the lowest sublethal temperature which inhibited 
cell division (see Pig. 40). 	It was noticed that 
the cells could tolerate teaperatures up to 46.00  C. 
for fairly long periods if the inoculation was made 
at that temperature, but that, having been grown 
at a lower temperature for some time they were rapid-
ly killed on transfer to 46.00  C. 	A. series of ex- 
periments was carried out to determine the treatment 
giving the maximum degree of synchrony. 	Basically 
there are three variables: the length of each cycle; 
the proportion of optimal to sublethal temperature 
within that cycle; the total duration of the cycling. 
Zeuthen and Scherbauin found the most effective treat-
ment to be cycles of just under half the generation 
time, divided equally between low and high tempera-
tures, applied for approximately three times the 
generation tiie. 	In the first series of experiments 
the cultures were grown at 27.50  C. and at about 10 to 
12 hours were subjected to shocks at 41.50  C. 	The 
changes of temperature were made rapidly. 	The most 
effective treatment was a series of four shocks of 
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Figure +1 	The wave or divisions which follows 
a 5-hour period of intermittent heat 
shocking of a culture of 3chi. pombe. 
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at norna1 teriperature. 	Each cycle was therefore 
ij hours and the total cycling period 5 hours. 
During the shocking a 05 % increase in length oc-
curred. 	After, cycling ceased, a wave of divisions 
was produced with 55 % dividing at one moment (Fig. 
41). 	It should be noted that a second wave of 
divisions followed before the division index had 
fallen to zero. 
This treatment was rather damaging to the 
cells. 	The cell plate count did not fall much be- 
low 10 % during the shocking period. 	This pro- 
bably does not indicate a large number of dividing 
cells but rather a number of 'fixed' cell plates 
i.e. cells containing cell plates which were pres-
ent when the first shock was administered and which 
have been prevented, from cleaving. 	Also some dis- 
torted or vacuolated cells were produced. 	In an 
effort to eliminate this effect the culturing tem-
perature was raised to 32 0  C., the shock tempera-
ture dropped to 410  C. and the change of temperature 
made more slowly. 	.ith these modifications however 
it was found to be impossible to hold the cello in- 
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Figiire2. 	The increase in the average 
length of Schiz. Dombbe during a 
5-hour period at '+0.0°C. 
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tain time after which cells began to divide again 
whether or not the shocking was continued. 	Vari- 
ous combinations of shock and intervening period 
were tried without success. 
(b) Sth'le Heat Shocks. 	i)uriL1 a preliminary 
experiment to determine the effect of temperature 
on the growth and cell division of chiz. pomnbe 
it was noted that at both high and low temperatures 
the final population was reduced but the cells were 
larger in size. 	It seemed likely that cell divi- 
sion was being differentially inhibited at these 
temperatures. 	If a temperature could be found 
where the cells would crow but not divide one might 
be able to produce synchronous division by means 
of a single temperature shack. 	several tests show- 
ed that a temperature of approximately 40.5 0 G. had 
this effect. 	Temperatures below 40.00  C. allowed 
cell division to proceed and temperatures above 
41.00  C. prevented, growth. 	The average cell size 
doubled during a 5-hour period at 40.00  C. (Fig 42). 
Since the cell mass would normally double in one 
generation time, this represents a slow rate of 
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and the corresponding pop-
ulation increase in a culture 
of 6chiz. Dombe on return to 
32.0 0C. after a heat shock of 
2-; hours at +0.000. 
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a rather poorly synchronised wave of divisions fol-
lowed two hours after release from inhibition, 
By the time that most of the divisions occurred the 
average length was itiore than tice normal, and in 
consequence a second wave of divisions fo1lo;ed 
very rapidly on the first. 	There was however no 
intervening period when the division index returned 
to zero. 	The period of shock was therefore reduced 
to 2k hours, which, it was estimated, should give 
the wave of divisions at approximately the point 
where the average cell size was twice normal, 	This 
in fact proved to be the case and a fairly well syn-
chronised wave of divisions was produced (Fig. 43). 
It can be seen from this figure that the first peak 
corresponds to a two-fold increase in the population. 
The second peak therefore represents some of the 
cells dividing a second time. 	It was not found 
possible to eliminate this second wave of divisions 
by altering the length of the shock. 	Two possi- 
bilities were therefore offered: (a) to eliminate 
the second peak by imposing another heat shock at 
the appropriate time or (b) to enhance the second 
peak so that two or more waves of division were 
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Figure -P+. 	Two waves of division in a culture 
of 6chig. pombe produced bg two heat 
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produced.. 	Figure 44 shows the result of a trial 
of the first sort. 	The second shock has not re- 
duced the number of divisions much below 10,0 % 
but this was probably due to a number of 'fixed' 
cell plates. Note that the count fell sharply 
after the removal of the inhibition. 	The second 
wave of divisions produced was exactly the same in 
all respects as that produced by a single shock. 
Again a smaller wave of divisions followed rapidly 
after the large one. 	This treatment was also daina- 
ging to the coils; a larger than normal proportion 
of vacuolated cells was noted. 	Attempts to enhance 
the second peak were not very successful as on no 
occasion did the percentage of dividing cells fall 
to zero after the first wave of divisions. 	The 
cells could be held inhibited for nine or more 
hours with little further increase in length beyond 
that noted at five hours. 	The wave of divisions 
produced was no better than that produced by a 
shorter shock. 	Again the process was harmful to 
the cells. 
(c) Cold Shocks, 	Preliminary tents showed that 
when the temperature was dropped from optimum to 
temperature 
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Fiire +6. 	The waves of division and the corresponding 
population increase in a culture of Schiz. poinbe 
on return to 32.0 °C. after a cold shod: of 
9 hours at 16.0C.. 
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16.0 - 13.5 C. the cells ceased to divide and the 
average length doubled in approximately 9ir  hours 
(Fig. 45). 	Temperatures above 16.50  C. railed to 
inhibit cell division completely while temperatures 
below 16.00  C. also inhibited growth, 	Even at 16.0 - 
16.5 C. a slight escape from division inhibition 
occurred after about nine hours, some of the cells 
dividing while others continued to grow in length. 
Again it seemed probable that if the inhibi-
tion could be removed at the correct moment, a wave 
of synchronous divisions could be produced. 	Since 
the average length doubled in 91 hours, shocks of 
10 hours were applied Initially. 	On some occasions 
a good wave of synchronous divisions was produced 
about one hour and ten minutes after the removal of 
the inhibition (Fig. 46). 	Note that this wave of 
50 % is followed by smaller waves of 16.5 and 
15.0 .:; at intervals of 1k and 1 hours. 	It can 
be seen from the population counts however that each 
wave represents the division of almost 100 	of 
the cells. 	In some cases however, a much poorer 
wave of divisions occurred giving a lower peak and 
involving a smaller proportion of the total population. 
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Since this looked promising in spite of the incon-
sistent results, an intensive investigation was 
made to find the optimum conditions. 	There are 
three variables which may affect the result: (a) 
the temperature of the shock; (b) the duration 
of the shock; and (a) the age of culture to which 
the shock is given. 	To facilitate the handling 
of large numbers of samples, population counts In-
stead of cell plate counts were used to estimate 
the degre of synchrony. 	Figure 47 shows the re- 
sult of one such experiment. 	The initial popula- 
tion density and the temperature were kept constant 
and the duration of the shock varied. 	This experi- 
ment shows that a two-hour shock Is undoubtedly the 
best but the degree of synchrony is rather poor 
(i.e. rather less than doubling in one hour). 	The 
period of cell multiplication is well defined at 
both ends by a period without any increase. 	One 
other Interesting point emerging from this graph 
is that the delay following the end of the shock be-
fore division recommences increases with shocks up 
to three hours after which it decreases again. There 
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Figure 	. 	The stepwise increase in population 
which can be produced in a culture of 
hiz.pombe by a series of cold shocks 
of 2 hours at 16.500. separated by periods 
of 2 hours at 32.0 °C.. 	Note that each 
step represents a population increase of 
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Figure 48. 	The wave of divisions in a 
culture of Schiz.Dombe on return 
to 32.0°C. after a cold shock of 
of 2 hours at 16.0°c.. 
	






69 	 J 
S 
• 	 I.' 
68 	 fl 
• 
0 67 I 	 . 
I 
L_J• 66 I ,- • 4-.--. 
diIutd by hlf 
6-5 	 with cold frsh medium 
4 	S 67 	8 9 1011 12 3 4 
tims in hours 
Figure 50. 	The population increase in a 
culture of chiz.ibe treated with 
successive cold shocks combined with 
changes in the medium. The dotted 
portions of the line represent dil-
utions by hail' with fresh medium at 
0.0°C.. 
116 
Similar experiments at both higher and lower 
temperatures gave no better results. 	The next step 
was to detexL1ine the age of culture vihich gave the 
best degree of synchrony after a two-hour shock at 
16.50  C. 	It was found that a ten or twelve-hour 
culture responds better to this treatment than does 
an older culture. 	Returning then to cell plate 
counts, several trials of this sort gave rather 
poor results (Fig. 48). 	No experiment gave a high 
degree of synchrony. 	All had the same small second 
peak, but none showed any tendency for the synchrony 
to be carried on to the next series of divisions. 
The effect of repeated cold shook was then 
tried. 	The beet result was obtained by applying 
two-hour cold shocks (16.50  C.) at two-hour inter-
vals (Fig. 4). 	A' good stepwise population in- 
crease was produced but again it was found that the 
population just failed to double after each sh.ck. 
Variations of the shocking procedure failed to elimi-
nate this effect or in fact to improve on this in 
any way. 	Figure 50 shows the result of an experi- 
ment where the shock was administered by diluting 
a culture 50: 50 with fresh medium at 00  C. 	The 
117 
resulting temperature (16.00  C.) was held for two 
hours in the usual way. 	This was repeated twice. 
The synchrony resulting froni the first shock was 
about the same as that for a normal cold shock; 
the subsequent shocks were much poorer. 	Again 
variation of the shocking times failed to give any 
improve nent. 
(iii) DISCUSSION. 	The above results show that 
there are certain basic features of the effect of 
temperature shocks on cell division. 	On applica- 
tion of the shock the rate of cell division drops 
rattier slowly to a very low level which is maintain-
ed apparently indefinitely in the case of heat 
shocks or for about ten hours in the ease of cold 
shocks, after which there is a slow escape from in- 
hibition. 	There is a certain discrepancy between 
the cell plate counts and the population counts. 
The latter show a small Increase In the population 
for the first two hours after which the counts are 
fairly constant (Fig. 47), 	The cell plate counts 
indicate that rather more are dividing. 	This is 
probably due to the presence of cells which had cell 
plates at the moment of siocking and which have either 
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been prevented from separating into two daughter 
cells by the shock or which have been very much 
slowed down. 	The population counts are therefore 
more reliable. 	The increase may be due to a slow 
escape of the cells whIch had passed a certain criti-
cal stage of division when the shook was applied. 
After return to the nornal temperature there 
is an almost total disappearance of cell plates 
from the' culture and a delay before the restart of 
cell multiplication. 	In the case of the heat 
shocks the delay is about two hours, but for cold 
shocks the delay is only about 14 hours. 	It should 
be noted that these average figures take into ac-
count the changing generation time of the cells. 
Experiments perfonnc'd on two cultures from the same 
parent culture still E1hov.ed this difference between 
heat and cold shocks. 	This delay is of consider- 
able importance in the interpreting of the results. 
There follows a wave of cell division as measured 
by both cell plate and population counts lasting 
about one hour and reaching a maximum of about 50 
dividing at any one moment. 	This represents about 
80 to 100 % of the population, depending on the 
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type of treatment. 	In the case of the heat shocks 
a second smeller wave of divisions fllows after 
about 13 hours, merging somewhat with the first wave. 
A cold shock is followed by one or two ill-defined 
waves of division at intervals of approximately 1 
hours * These too represent almost 100 % increases 
in the population. 	Thus in th case of heat shocks 
the second wave of division follows after a period 
very much less than the mean generation time while 
In the case of cold shocks the subsequent waves are 
only a little less than the mean generation time 
apart. 
In trying to interpret these results in de. 
tail one taust oonsid.er them alongside the results 
of other Investigators working in the same field. 
One must b careful t.- - 	between nuclear 
division, cell division and growth. 	These pheno- 
mena have been shown to be separable on several oc-
casions. Also when considering the division of 
the nucleus one must realise that the replication 
of the nuclear material is not inseparable from 
njoal division or the nucleus. 	It is quite 
possible that the shook treatment any affect one or 
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more of the processes and leave the others totally 
unaffected. 
There are three possible explanations for 
the effect of teraperature on coil division as shown 
by these experiments. 
Change of teuiperature bris the whole di 
vision process to a standstill and on release it 
proceeds noriialiy after a delay which is due to the 
time taken for the readaptatiori to the optitnurn tem-
perature, 	The subsequent behaviour of the cells 
indicates that it is unlihely that this explanation 
is the correct one. 
Secondly it could be that the shock blocked 
the division process at a particular point - cells 
beyond this poi.-.t proceed non'nally, and oth'r cells 
approaching this point are held up, Fio that when in-
hibition is released, there will be a delay equal to 
the period from the point of block to the moment of 
division. 	This could cause the pile-up of coils 
necessary to produce a synchronous wave of divisions. 
The third possibility is that 1jn1esr the 
cells have passed a certain critical point (ve'y 
near the end of thc cycle and thus concerning s very 
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few cells) they arc not only arrested but actively 
returned to a previous state at an earlier 001nt In 
the cycle. 	WE could think of this either in terms 
of a rcv:rrible enzyw reaction whose equilibrium is 
altrd by the tcaperature change or as a cleetruc.-
tion of a physical structure which is esaentia], for 
cell division. 	In the Cornier case the delay should 
be proportional to the shock, In the lattor indepen-
dent of it. 
Both (b) and (o) seem plausible 6xplanations 
an.i would account for most of the effects obeervd. 
It is a10 p33nithle thut a conbin5tign of th': two 
could fit in, 
i1oBt of the workorn In this rield. have tried 
to explain theii' results on the basis of s specific 
inhibition of a particular point in the cell cycle. 
Ephruaai (196) has shown that the tenperature co- 
efficients for IV variouc stalne of AM> vary 
considerably. !or example In both sea urchin and 
nernatodo 3S Incta)1mse has a QiC) only half that of 
prophase. 	Both Hotchkiss (154) and Zeuthen and 
Soherba.zm (1954) carried out thrir initial experi- 
ments with thie idea in mind. 	If by applying a 
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change of temperature one could selectively inhibit 
a specific and vital stage in division, a piling up 
should occur loading to a synchronised division, 
Hotchkiss suggests that this is in fact what he has 
done, but does not specify any particular process. 
Zeuthen pine it down to something occurring in the 
"predivision period" during which he believes that 
no synthesis is occurring. Bentzon, MaalØe and 
Rasob (1952) have shown that the synthesis of phage 
particles (largely or entirely DNA) has a higher 
10 than has the whole process of cell division. 
They use this result to explain the synchrony that 
they produce in Salmonella (Lark and Maa1e, 1954). 
Jien the temperature Ic low, DNA synthesis is selec-
tively slowed and an accumulation of precursors oc-
curs. 	On return to a high temperature the syn- 
thesis of DNA occurs rapidly from the store of pre-
cursors and since all the other preparations for 
division have been completed, the divisions occur 
synchronously. On the other hand Falcons and 
Szybalski (1956) have shown that when a cold shock 
is applied, DNA synthesis is less affected than any 
other process. 	They find also that the mnaximn 
123 
synchrony is produced when the inhibition is releas-
ed at the point where the DNA synthesis is farthest 
ahead of the other processes. 	These two results 
are difficult to reconcile with each other. 	It 
is known that the accumulation of DNA by the hetero-
chromatin prior to spiralisation is slowed selec-
tively at low temperatures (Darlington and La Cour 
1940, 1945; Callan 1942). 	This effect is not so 
noticeable in cells which have a large amount of 
cytoplasmic DNA and is more marked in cells which 
have been starved before exposure to low temperature. 
It does seem that these very low temperatures (0 0 C. 
- 80 C.) do inhibit, partially at least, the syn- 
thesis of DNA. 	On the other hand experiments car- 
ried out on Schjz. pombe by Mitchell (1957) indi-
cate that the synthesis of DNA is more or less un-
affected at 16.00  C., the temperature used to in-
duce synchronous division In the present experi- 
ments. 	It seems probable therefore that at mode- 
rately low temperatures it is not the synthesis of 
DNA which is the limiting factor although it could 
become so at very low temperatures. 
Zeuthen and Scherbaurn find that during inter- 
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mittent heat shocking DNA synthesis proceeds along 
with the other processes so that the large cells 
produced have a single nucleus containing up to 
six times the normal amount of DNA. 	e cannot say 
for certain however that any of this synthesis Do-
cure while the cells are at the high temperature. 
But again it seems likely that if it is the block-
ing )f a single stage In the cell cycle that causes 
the accumulation of cells leading to a synchronisa-
tion of division, It is not the synthesis of DNA. 
/e must therefore look elsewhere for an ex-
planation of the observed effects. 	Let us con- 
sider the possibility that something is destroyed 
by the temperature shook. 	It Is well known that 
the viscosity of protoplasm Is reduced by both heat 
and cold (Thornton, 1935; Angerer, 1940; wilson 
and Heiibrirnn,1952). 	This is usually detected by 
a solation of the cortical gel. The asters and 
spindle are usually considered to consist of an 
orientated gel. The accumulation of metaphases 
caused by cold is attributed to the solatlon of 
the asters and spindle (Darlington and La Cour, 
1940; Callan, 1942). It is probable that heat 
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can also cause the solation of the asters and spindle 
since it does cause the solation of the cortical gel. 
In Lnost of the organisms that have been used for ex-
periment on the induction of synchronous division 
we do not know whether or not the division is by 
orthodox cnitosis. It would not be unreasonable to 
Suppose that these cells do have some sort of mechan-
ism copsrable to the asters and spindle for the 
separation of the daughter nuclei. 	This view is 
supported by the fact that just as Barber and Cal-
lan (1943) observe that cold causes arrested meta-
phases in the Larval cells of Tr iton, so Hunter-
Szybalaka et 41. (1956) find that cold causes the 
accumulation of nuclear material in the centre of 
the cells of hacillus ueathrium. 
e Could then interpret the results of the 
experiments with heat and cold shocks as follows. 
.hen the temperature is changed from the opti;num, 
cells which have passed a certain stage will con-
tinue to divide. Asters or aster-like structures 
will be destroyed in those cells which have them 
and will be prevented from forming in those cells 
just approaching division. The other preparations 
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for division will be lees at'ected. 	e thus :et 
a large nwiber of cells which are ready to divide 
but cannot do so because of the inhibition of the 
gelation of the protoplasm, 	i4hen the temperature 
is returned to normal a period elapses during which 
aster-like structures are forned. 	A large rnxaber 
of the cells then divide synchronously, 	In this 
way we could explain th.: synchronous divisions pro-
duced by heat shocks, cold shocks and intermittent 
shocks in the same way, 	it should be remembered 
however that certain differences were noted between 
the effects of heat and cold s1cks. 	Th. delay 
after a heat shock Ic always longer than that after 
a cold shook; the second wave of divisions follows 
more rapidly after a heat shock; thirdly the cells 
cannot be held inhibited indefinitely at a low tem-
perature but can be at a high one. These points 
must Indicate that there are some differences between 
the effects of heat and odd on cells but they do 
not necessarily invalidate the general conclusion 
that the observed inhibition of cell division Is 
due to a solation of the division apparatus. 
Thus if the action of temperature Is In fact 
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a coichielno-like action as described above (or. 
Barber and Callan) the nuclei of the cells will, 
on release froi inhibition, be abnormal. 	We 
cannot therefore say that the chemical changes 
taking place during the division cycle following 
release represent those occurring during a normal 
cycle. 	If the required degree of caution is 
exercised a good deal of information may neverthe-
less be obtained from such studies. 
4. CONCLUSIONS. 
A synchronous wave of divisions can be pro-
duced by se1octin cells which are in the same 
stage of the cell cycle or by inhibiting the cells 
by physical and chemical means so that a large num-
ber is held up at the same stage of the cycle. 
The foregoing discussion shows that one must be ex-
treinely careful when dealinri with divisions synohron-
ised by inhibition techniques whether these are phy-
sical or chemical. 	If a chemical inhibitor is be- 
ing used we must know precisely what the action of 
that inhibitor is, before we can draw valid conclu-
sions on the processes involved in normal cell 
'0 
division fri the study of a synchronied culture. 
This applies also to cultures synchronised by phy -
sical means. 	In particular conclusions drawn 
from work with temperature synchronised cells must 
be regarded with the utmost care. 	Until an abso- 
lutely specific inhibitor is found the separation 
methods of synchronisation must be regarded as pre-
ferable in studies of the chemical processes under-




In many cases where a large number of 
adjacent cells are undergoing cell division they 
tend to divide together. 	It has been suggested 
that this is due to the mutual effect of the cells 
upon each other. 
In some cultures of Schiz. pornbe the cell 
divisions tend to become synchronised during the log. 
phase. 	This Is not due to an initial burst of cell 
divisions. 	The behaviour of these cells during 
the lag phase suggests that the cells are condition-
ing the medium in such a way as to favour the divi-
sion of other cells. 	It was not possible to demon- 
strate this effect with artificially synchronised 
cultures. 
The blastomeres within a single egg of 
the sea urchin P. tailiaris normally divide more or 
less synchronously up to the fifth cleavage. 	If 
the daughter cells are separated after the first 
cleavage the blastomeres within each half now di-
vide synchronously but the synchrony between the two 
halves is lost. 
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41 	Other instances of naturally occurring 
synchronous cell division are briefly reviewed. 
One particular case of the interaction 
between c.ils is considered in detail. 
The time taken for the eggs of both E, escu-
lentus rand P. tailiaris to reach the first cleavage 
i8 least when the number of eggs present is optimal. 
This effect Is not found in cleavages after the 
first. 	I failed to show conclusively that after a 
siriultansous fertilisation, the degree of synchrony 
with 1ihich  the eggs divide Is significantly greater 
when there are large numbers of eggs present. 
The various factors which Influence the 
rate of development of sea urchin eggs are considered. 
In particular, small changes In temperature are found  
to have a profound effcct. 
The pH of sea water ia lowered by the pres-
ence of developing eggs; 	sea water at p1-i values 
below that of normal sea water causes a slowing of 
the rate of deveioient, but the lorering of pH alone 
is not sufficient to explain the absence of accelera- 
tion In the highest densities or in the later cleavages. 
The present work supports the suggestion 
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of previous workers that dividing cells exert an in-
fluence on other dividing cells in their vicinity. 
	
8. 	The cterial is ducused in a general 
way and R hypothesis put forward to explain most of 
the observed phenomena. 
, 	Literature on the induction of synchron- 
ous cell division is briefly reviewed. 
Attempts to induce syncrironous cell 
division in 	hiz. oibo by means of chemical inhi- 
bitors are described. 	Of the chemicals tested ure- 
thane gives the best result but even this is poor. 
The cell division of Jchiz. pombe can 
be synchronised either by f,,ieans of heat treatment or 
cold treatment. 	Various techniques are described. 
Although none of these gives much more than 50 % di-
viding at any one moment, good stepwise increases in 
the population are produced. 
The effect of t pratur changes is 
discussed and It is suggested that the main effect is on 
the separation of the daughter nuclei and that the syn-
thesis of nuclear iiaterIal is only slightly affected 
by the bretwnt. 
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1Z. 	It is con1uded that the greatest 
care must be taken when using artificially syn-
chronised cell divisions in a study of the pro-
cesses involved in normal cell division. 
-0-0- 
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Since the completion of this work my attention 
has been drawn to a paper by Leupold (1956)* which 
deals with nuclear behaviour in Sehiz.poffib. 	Leupold 
states that the normal vegetative cells are haploid. 
These undergo division by mitosis. 	Only the zygote 
forrued by conjugation 18 diploid - 	the haploid 
number of chromosomes being restored aiLLost 1rnnedi-
ately by meiosis. 	It follows naturally frofi these 
observations that various characteristics of the 
cells are inherited in a Mendelian fashion. 	There 
are also several convincing photographs of Feulgen-
stained cells showing a central spherical nucleus. 
The importance of these observations nuSt be borne 
in mind throughout this thesis. 
14 	Leupold, U., 1953. 	Oomp.-rend. Lab. Cnrlsherg. 
26, p. 221. 	Some data on polyploid inheritance 
in Bchzosaccharce8 porn. 
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ALLrJND.EX II. 
At the international Tissue Culture i.eieeting 
in G1ascow on August 26 0 1957, a paper was rend by 
T.T.Crocker, L.Ooldetein and R.Cailleau of the Uni-
vereity of U' ifornia sChool of ledicine q an Fran-
cisco. These workers report that enucisate frag-
ments of tissue culture cells of the He La strain 
survive 3 4 times loner when they are in contact 
with perfect cells than they do when they are iso-
lated. Xo oi'otoplaanic continuity was noted but 
it did seem as if rnate.1al passed from the perfect 
cell to the enuoleate fragment. This te yet ano-
ther intert1ng example of inter-cell, co-operation. 
